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DEDICATION 
For my mother, who started me on this journey, 
and my wife, who saw me to the end of it.
For all these reasons, then, any way you may look at it, you must needs conclude 
that the great Leviathan is that one creature in the world which must remain unpainted to 
the last. True, one portrait may hit the mark much nearer than another, but none can hit it 
with any very considerable degree o f  exactness. So there is no earthly way o f finding out 
precisely what the whale really looks like; and the only mode in which you can derive 
even a tolerable idea o f  his living contour, is by going a-whaling yourself; but by so 
doing, you run no small risk o f  being eternally stove and sunk by him. Wherefore, it 
seems to me you had best not be too fastidious in your curiosity touching this Leviathan.
Herman Melville 
Moby Dick, 1851
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ABSTRACT
All available North American specimens of squalodont whales were examined to 
determine species assignments, and to determine functional aspects and ecological 
implications. Only two existing species of the 17 referred to Squalodontidae from North 
America are members of that family, Squalodon atlanticus and Squalodon calvertensis. Of 
these two species, only S. calvertensis is based on adequate material for consideration as 
a valid species.
Squalodon calvertensis is redescribed, based on the material which has been 
collected since 1923. These specimens indicate that the species is found from New Jersey 
to North Carolina, in the Miocene Kirkwood, Calvert, and Pungo River Formations. One 
specimen questionably comes from the Oligocene Old Church Formation in Virginia
A new species of squalodont, Squalodon whitmorei, is also described. This is the 
largest known squalodont, but it is much less common than 5. calvertensis. The two 
species are found in the same stratigraphic units.
Based on tooth shape and wear, squalodonts seem to have been opportunistic 
predators of fish, small mammals, and squid, like the larger modem dolphins such as the 
false killer whale. The weak squalodont skull structure suggests that they were not 
feeding on animals significantly larger than themselves, as do killer whales. The dental 
differences between squalodonts and their modem analogs is probably due to the 
constraint in tooth form in modem species, which evolved from fish-eating ancestors 
which had simplified conical teeth. It appears that squalodonts exhibited sexual 
dimorphism both in body size and incisor morphology, reminiscent of modem beaked 
whales.
The temporal and geographic distribution of squalodonts suggests that members 
of the family dispersed in the Oligocene from Tethys, to North America, and then to 
Europe and through Panama to Oregon. The lack of squalodonts in Japan, and their 
disappearance from the north Atlantic when ocean temperatures dropped in the middle
vi
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Miocene, indicate that squalodonts were limited to wanner waters. Falling temperatures 
and a breakdown of dispersal routes with the closure of eastern Tethys, Gibraltar, and 
Panama made have contributed to their extinction.
vii
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CHAPTER 1. INTRODUCTION 
The Squalodontidae are a family of extinct toothed whales that are known from the 
late Oligocene to the middle Miocene. They have long interested taxonomic and systematic 
workers, in as much as they fall roughly between primitive and modem odontocetes both 
temporally and morphologically. However, for a group mentioned so often in systematic 
studies, squalodonts are remarkably poorly known. Unfortunately, squalodonts fossils 
are not particularly common, and the lack of adequate material has made it difficult to 
study the family. Thus, while they have figured prominently in superfamily-level studies, 
at the species level the family is not well described, and the ecology of the group is 
completely unknown. As pointed out by Messenger (1994), poor understanding of 
individual genera and species can hamper systematic efforts at higher taxonomic levels, 
yet this aspect of cetacean studies has been largely ignored.
Rather than concentrate on the position of squalodonts in higher-taxa systematics, 
this dissertation examines the family at the species and individual level. To reduce the 
project to a manageable size, its scope has been restricted to North American Atlantic 
Coast specimens. European, South American, and Pacific specimens will be examined at 
a future date, and will hopefully help to test and refine the ideas set forth in this paper.
This dissertation is divided into six chapters, plus appendices. Chapter 1 consists 
of this introduction, and the biostratigraphy of squalodont-bearing strata. Chapter 2 
reviews the North American specimens that have been referred to the Squalodontidae, to 
determine the validity of their allocation. Chapter 3 is a redescription of Squalodon 
calvertensis Kellogg, 1923. Chapter 4  is a description of a new species of Squalodon 
from North America, and identifies some characters that may be useful in distinguishing 
among different squalodont species. Chapter 5 examines the ecology of squalodonts.
Their diets, sexual dimorphism, habitats, and possible causes of their extinction are all 
discussed. There are also notes on dietary selection of cetaceans in general, and the 
evolution of modem whale dentitions. Chapter 6 is a brief summary of the major
1
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conclusions of the project. Appendices include a list of definite and probable squalodont 
specimens and their measurements and a list of squalodont-bearing localities.
Overview of Stratigraphy
Squalodonts are known from the Kirkwood, Calvert, Pungo River, and Old 
Church formations on the Atlantic Coast of North America. There has been a great deal of 
work published on the correlation of these units, one of the most significant early 
references being that of Shattuck (1904). He divided the Calvert Formation into twelve 
“zones,” based primarily on lithology. Using modem terminology, these “zones” are 
more properly referred to as beds. However, as the only comprehensive publication on 
the Calvert Formation Shattuck’s “zones” have become the standard stratigraphic 
reference within the Calvert, although with some modifications and acknowledgement of 
their limitations.
A problem in correlating the various coastal plain outcrops has been the lack of 
consistency of published data. No outcrops have been sampled for all types of organisms; 
most have been sampled for only one. In fact, the vast majority of outcrops have been 
correlated using some variation of Shattuck’s zones, based on lithology. This has caused 
some difficulty, for a variety of reasons. Shattuck’s zones are fairly consistent along the 
western shore of the Chesapeake Bay, where the type section of the Calvert Formation is 
located. However, in more distant areas such as southern Maryland and northern Virginia 
the zone distinctions begin to break down. For example, zones 4 to 9 become essentially 
indistinguishable from each other; many authors simply lump these six zones together. 
There are also several several disconformities and condensed sections within the Calvert 
that often mark the zone boundaries (Kidwell, 1984). As pointed out by Kidwell (1988), 
a disconformity that appears to be continuous between different outcrops may in fact not 
be time-correlative at all locations. In addition to these obvious disconformities, Andrews 
(1978, 1988) has shown that a significant (2.5 my) hiatus exists within zone 3, with no 
lithologic indication of its presence
2
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In an effort to consider all the available biostratigraphic data, parsimony analysis 
was applied to the published data. The application of parsimony analysis to stratigraphy 
was introduced by Hooker (1996). For the current study the program PAUP 3.1.1 
(Swofford, 1993) was used for the analysis. Use of this technique in stratigraphy is 
relatively straightforward, with strata taking the place of taxa and taxa replacing 
characters. The use of Dollo-up character types prevents the program from allowing 
parallel evolution of a given species. Only taxa that occur in more than one and fewer than 
all the units are informative in this type of analysis. Sixty-two distinct strata and 131 taxa 
were used. An outcrop of the Oligocene Old Church Formation was used as an outgroup.
Since parsimony only considers presence or absence of characters (taxa in this 
case), it was hoped that some of the dissimilar data sets could be used for a more 
complete and detailed stratigraphy. Unfortunately, this was not the case. The shortest 
trees produced had almost no structure. Essentially, the analysis is unable to distinguish 
between any of the strata based on the data used in the analysis.
The lack of success in the application of parsimony analysis to this problem is 
probably not an indication of the validity of the technique, but rather the quality of the 
data. Because most outcrops have been extensively sampled for only one type of 
organism, there are not enough data to allow parsimony analysis to group units together.
Using the correlation chart of Ward (1992), the only Oligocene unit in Virginia 
and Maryland is the Old Church Formation, which is shown as straddling the Oligocene - 
Miocene boundary. At least one squalodont apparently has been found in the Old Church 
Formation of Virginia. The correlation, based on numerous sources, of the Pungo River, 
Calvert, and Kirkwood formations, is shown in Figure 1.1.
Old Church Formation 
Ward (1984) cites the written communication of R. Z. Poore on the planktonic 
foraminifers of the Old Church Formation. According to Poore, the seven species of
3
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Figure 1.1. Correlation Chart of Miocene Atlantic Coastal Plain Formations.
formainfera he identified in the Old Church indicate an age of Late Oligocene-Early 
Miocene. However, Ward does not mention a particular foraminiferal zone.
DiMarzio (1984) states that the occurrence of the calcareous nannofossil 
Helicosphaera recta in the Old Church Formation indicates correlation with zone CP19 of 
Burky, which is Late Oligocene.
Edwards (1984) lists 26 dinocyst species from the Old Church Formation which 
indicate a late Oligocene or early Miocene age for the Old Church. She also noted that the 
assemblage is similar to that of the Ashley Formation of South Carolina.
Frederiksen (1984) listed 31 sporomorphs from the Old Church Formation. He 
stated that this assemblage indicates a late Oligocene or possibly early Miocene age.
Berggren etal. (1985) showed the last Oligocene stage as Blow's P22, or the 
Globogerina ciperoensis zone of Bolli. They chose the FAD of Globorotalia kugleri and 
the LAD of Reticulofenestra bisecta as the markers for the Oligocene/Miocene boundary. 
Unfortunately neither of these species is known from the Old Church Formation.
Gibson (1967, 1983b) listed the following planktonic species from the upper 10 
feet of the Pungo River Formation at the Lee Creek Mine in North Carolina:
Pungo River and Calvert Formations
Globogerina angustiumbilicata 
Globogerina bulloides bulloides 
Globogerina bulloides falconensis 
Globogerina pachyderma incompta 
Globogerina woodi 
Globogerina euapertura 
Globogerina cf. anguliofficinalis 
Globogerinita glutinata 
Globorotalia bimageae 
Globorotalia peripheroronda
Globorotalia fohsi barisanensis 
Globorotalia mayeri 
Globorotalia obesa
Globorotalia scitula praescitula 
Globogerinella aequilateralis 
Globigerinoides bisphericus 
Globigerinoides ruber 
Globigerinoides altiaperturus 
Globigerinoides trilobus altiapertura 
Globigerinoides trilobus immatura
5
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Globigerinoides trilobus trilobus Globoquadrina dehiscerts
Globoquadrina altispira globosa Globoquadrina venezuelana
Gibson (1983b) suggested that this assemblage indicates an age from the latter 
part of zone N7 to the latter part of zone N8 of Blow. He stated that "an age younger than 
N8 is not likely because of the presence of Globogerina euapertura and Globigerinoides 
altiaperturus, neither of which is known from strata younger than N8, and by the absence 
of Orbulina which is commonly regarded as marking the beginning of N9". In addition, 
Abbott and Emissee (1983) concluded from diatom data that the upper part of the Pungo 
River Formation from another location correlates with N8 or N9 and the upper part of 
N i l .  Gibson (1967, 1983a) pointed out that the top of the Pungo River Formation at the 
Lee Creek Mine is an erosional surface, so that the N 11 age deposits could have been 
eroded at that locality.
In addition, Gibson (1967, 1983b) mentioned a Calvert Formation bed 10 outcrop 
from Plum Point, Maryland. The planktonic fauna was similar to that of the Pungo River 
Formation, with a few exceptions. He suggested that this assemblage indicates upper 
zone N8, again with the absence of Orbulina making N9 unlikely. Gibson (1983b) also 
mentioned data from Calvert Formation beds 11 and 12, but he does not mention the 
locality. Zones 11 and 12 included Praeorbulina glomerosa circularis and Orbulina 
suturalis, which according to Gibson correlates with lower N9.
Andrews (1984) listed the following diatoms at a Pamunkey River outcrop of the 
Calvert Formation:
Actinoptychus virginicus Delphineis penelliptica
Cymatogonia amblyoceros Goniothecium rogersii
Delphineis angustata Rhaphoneis parilis
Delphineis novaecaesaraea Triceratium condecorum
According to Andrews this assemblage indicates East Coast Diatom Zone 5 
(,Delphineis novaecaesaraea Partial Range Zone), which correlates with Calvert Formation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
bed 14 or the lower part of bed 15. Andrew's Fig. 1 shows the Delphineis 
novaecaesaraea Partial Range Zone straddling the Langhian-Serravallian boundary. 
Calvert Formation bed 14 appears to represent the latest occurrence of squalodonts.
Summary of Stratigraphy 
While many of the Atlantic Coastal Plain sediments are lacking in diagnostic 
microfossils, the work of various authors makes it possible to correlate these formations 
with regional and global microfossil zones. This makes it possible to assign numerical 
dates to these units, based on other data.
Berggren et al. (1985) gave a magnetochronologic age estimate of 23.7 million 
years ago (Ma) for the Oligocene/Miocene boundary, as defined by the first occurrence 
datum (FAD) of Globorotalia kugleri and the last occurrence datum (LAD) of 
Reticulofenestra bisecta. Since the Old Church Formation is close to the boundary, if not 
straddling it, this is a useful approximation for the age of this unit.
Berggren et al. (1985) stated that the FAD of Orbulina occurs during Anomaly 
5B, which has an estimated date of 15.2 Ma. This gives an approximate date for the 
Calvert bed 10/bed 11 boundary. Blackwelder and Ward (1976) obtained a K/Ar date for
the overlying Choptank Formation of 12.0 ± 0.5 my, which is consistent with the
foraminifera date from the upper part of the Calvert Formation.
With the exception of the development of land mammal biostratigraphy, most 
notably by Woodburne and Swisher (1995), it is usually not possible to directly date 
vertebrate fossils with any degree of accuracy. The ability to place approximate ages on 
squalodonts is vital to a full understanding of the evolution, distribution, and natural 
history of the group.
7
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CHAPTER 2. A REVIEW OF THE NORTH AMERICAN SQUALODONTIDAE
Introduction
The Squalodontidae are a family of extinct odontocete whales, found principally in 
Europe and eastern North America from the late Oligocene to the middle Miocene. The 
genus Squalodon was first described over 150 years ago, the family more than 120 years 
ago, and numerous species have been referred to them since that time.
Several things have led to a good deal of confusion about the status of this family. 
First, squalodonts are relatively rare in deposits and, when found, their remains tend to be 
very fragmentary; there is no complete composite skeleton for any species. Second, 
squalodonts are quite primitive by Miocene standards, and they have a generalized anatomy. 
These factors have led to the family becoming a “dustbin” for almost any poorly preserved 
primitive whale of about the correct age. Many species and specimens have been 
questionably referred to the family, resulting in a confused nomenclature that needs to be 
clarified.
A number of authors have reviewed squalodont nomenclature, most significantly 
Kellogg (1923). Rothausen (1968a) reviewed the European species, and Ray (1976) and 
Fordyce (1981) have both made significant contributions.
With numerous new specimens collected since Kellogg’s major 1923 paper, the 
family is in need of a review. This paper is part of a major examination of the North 
American specimens that have been referred to Squalodontidae. It includes type specimens 
which at one time or another have been considered squalodonts. By 1926 there were 17 
type specimens from North America referred to the Squalodontidae.
Abbreviations 
AMNH = American Museum of Natural History 
ANSP = Academy of Natural Sciences of Philadelphia 
MCZ = Museum of Camparative Zoology, Harvard University 
USNM = National Museum of Natural History, Smithsonian Institution
8
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Agorophius pygmaeus Mtiller 
Agorophius pygmaeus Mtiller is based on a skull and tooth from the Late 
Oligocene of South Carolina, which were originally figured by Tourney (1847) as "a 
cranium of the Zeuglodon." It was placed in the genus Squalodon by Leidy (1869). 
According to Kellogg (1923), Cope proposed the new generic name Agorophius in 1895. 
The family Agorophiidae was erected by Abel in 1914. Whitmore and Sanders (1976) 
placed Agorophius in incertae sedis. The type skull of A. pygmaeus has been lost, but 
Fordyce (1981) redescribed the species based on plates of the type, as well as new 
specimens, and resurrected the Agorophiidae. Agorophius is much more primitive than 
any squalodont, with less pronounced telescoping of the skull and a more prominent 
intertemporal constriction. The teeth have much less ornamentation (Fordyce, 1981). 
Fordyce (1981) excluded the Agorophiidae from the Squalodontoidea (the superfamily 
which includes the Squalodontidae) because of its lack of any synapomorphies with the 
squalodonts.
Saurocetus gibbesii Agassiz 
Saurocetus gibbesii Agassiz is based on a single cheek tooth from the Late 
Oligocene of South Carolina (Figure 2.1). The tooth has very simple ornamentation, and 
my examination of undescribed specimens in the Charleston Museum suggest that it has 
affinities with Genus Y of Whitmore and Sanders (1976). While Whitmore and Sanders 
thought Genus Y was a squalodont, further preparation by the Charleston Museum has 
revealed that this specimen does not have some important squalodont apomorphies, and 
Sanders (personal communication) believes it may be allied with other, more primitive 
odontocetes.
Squalodon protervus Cope and Squalodon protervus Leidy 
Squalodon protervus Cope (1867a) was based on a single tooth from Charles 
Co., Maryland, according to Leidy (1869). In the same paper in which Cope named S. 
protervus, he referred the specimen to Cynorca, as Cynorca proterva. Cope listed two
9
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 2.1. Saurocetus gibbesi. Holotype, M CZ 8760, tooth. Scale =  10 cm.
Figure 2.2. Squalodon protervus Cope, as figured in the Miocene Plates volume. The 
type specimen was probably the tooth on the left, which was 48 mm long. The tooth on 
the right was probably one of Cope’s two original referred specimens.
10
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other teeth in the description of S. protervus, but the type was clearly the single tooth. 
Leidy (1869) thought that the type specimen was a peccary, and referred the other two 
teeth to S. pelagius. All three of these specimens are apparently lost, and were not listed 
by Gillette (1975), although Kellogg (1923) stated that they are housed at the Academy. 
The type is probably the larger of the two teeth ascribed to Squalodon protervus in the 
Miocene Rates volume published in 1904 by the Maryland Geological Survey (Figure 
2 .2).
After assigning Cope's Cynorca proterva to the peccaries, Leidy (1869) named 
two teeth from South Carolina Squalodon protervus-, these and two other teeth also 
labeled as S. protervus are in the Academy of Natural Sciences Museum as ANSP 10326- 
10329. These teeth are very small, but at this stage their association with Squalodon 
cannot be ruled ou t As Kellogg (1923) pointed out, however
The tooth mentioned above [Squalodon protervus or Cynorca proterva of 
Cope] was clearly designated as the type by Cope, and since it was originally 
described as a species of the genus Squalodon, it invalidates any subsequent use 
of this specific name in this genus. There are four teeth, however, labeled with 
this name . . .  in the Academy of Natural Sciences in Philadelphia [ANSP 10326- 
10329]. Two of these teeth are figured by Leidy and described under the name of 
Squalodon protervus. Whatever the determination of this last mentioned material 
may eventually prove to be, it is evident that the use of the specific name protervus 
in this sense is invalid.
Thus, while it is uncertain if the teeth are squalodont, they can certainly be 
eliminated as a type specimen of Squalodon.
Macrophoca atlantica Leidy 
Macrophoca atlantica was described by Leidy (1856a) on the basis of three teeth 
(ANSP 11217, 11218, and 11219) from Cumberland Co., New Jersey (Figure 2.3). 
Cope (1867b) renamed this species Squalodon atlanticus. Previously, Cope (1867a) had 
mentioned S. atlanticus, and referred some maxillae fragments with in situ teeth from 
Charles Co., Maryland to this species (ANSP 11220 and 11221). According to Kellogg 
(1923) Allen, 1916, referred the type specimen to Basilosaurus. Kellogg (1923)
11
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Figure 2.3. Squalodon atlanticus. Holotype, ANSP 11217, 11218, 11219, teeth. Scale = 
10 cm. These teeth clearly belong in the family Squalodontidae, but they are not species- 
diagnostic.
Figure 2.4. Squalodon wymanii Cope, ANSP 11222, 11223, and 11226, as figured in 
the Miocene Plates volume. These teeth are the three teeth referred to the species by Cope 
in 1867, but do not include the type. The longest tooth is about 18 mm in length. In the 
Miocene Plates volume, these teeth are labelled as Delphinodon leidyi Hay, which was an 
improper name (see text).
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correctly noted that there was no basis for this move and he returned the species in 
Squalodon. I have examined both Leidy's type teeth and Cope's referred specimens. 
They are typical of squalodont teeth and, as mentioned by Kellogg (1923), they are quite 
similar to S. calvertensis. In fact, all the S. atlanticus specimens fall within the 
morphologic range of S. calvertensis specimens, and can be considered as belonging to 
the Squalodontidae. However, because of the limited usefulness of teeth in making 
species-level identifications in squalodonts, S. atlanticus is not based on diagnostic 
material, and new specimens should not be referred to it.
Phoca wymani Leidy 
The history of Phoca wymani was traced in detail by Ray (1976). The type 
specimen, consisting of cranial fragments, was collected from the Calvert Formation at 
Richmond, Virginia, by Wyman, and described but not named by him in 1850. Leidy 
(1853a) named this specimen Phoca wymani. Leidy (1856b) then published a notice of 
seal remains, a portion of which follows:
1. Phoca Wymani
Remains o f  a Seal. Wyman, Am. Jour. Sci. X. 229.
Phoca Wymani, Leidy. Anc. Fauna of Nebraska, 8.
A tooth, apparently an inferior canine, from the miocene deposite of Virginia, 
recently presented to the Academy by Prof. Toumey, I suspect to belong to the 
same species as the remains of a seal from the same deposite, described by Prof. 
Wyman.
Cope ( 1867b) made this tooth the type of a new species, Squalodon wymanii. He 
did not change the name of Wyman's original skull fragments, only Leidy's tooth of 
1856. Cope also mentioned three other teeth from this species (Figure 2.4) but clearly 
designated Leidy's tooth (now ANSP 11225) as the type:
Squalodon wymanii m. Phoca wymanii Leidy. Proceedings Academy N. Sci. 
1856, 265.
Of this, the smallest species of the genus, three premolar teeth [ANSP 11222, 
11223, and 11226] are in the collection, and the type specimen [ANSP 11225] is 
in the Academy's Museum. The teeth are remarkable for the abrupt posterior 
direction of their crowns. The roots are curved, one of them abruptly so, and 
flattened.
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Leidy (1869) acknowledged that these teeth were indeed cetacean, but differed 
with Cope somewhat in his interpretation:
Delphinodon Wymani.
Phoca Wymani, Leidy: Proc. Ac. Nat. Sc. 1856, 265.
Squalodon Wymani, Cope: Proc. Ac. Nat. Sc. 1867, 132, 151, 152.
Three teeth, from the miocene formation of Charles County, Maryland, 
ascribed by Prof. Cope to a species of Squalodon, appear to me, at least in part, to 
belong to a smaller species of Delphinodon.
One of the teeth . . .  bears a resemblance to that first described of the larger 
species . . . .
A tooth . . .  from the miocene formation of Virginia, originally ascribed by me 
to the same species as the remains of a Seal described by Prof. Wyman, is very 
like the one above indicated . . . .
The remaining two teeth from Charles County, ascribed by Prof. Cope to 
Squalodon Wymani, are different from the proceeding, and it is uncertain whether 
they belong to the same animal. . . .
To further confuse the issue, Hay (1902, as cited in Ray 1976 and Gillette 1975)
renamed the material. He wrote (as quoted in Ray 1976):
. . .  the name Delphinodon leidyi is intended to replace D. wymani Leidy . . .The 
type of D. leidyi is Leidy, Jf.1869 A, pi. XXX, fig. 12 [ANSP 11225].
Ray (1976) went on to add:
The new name must have been proposed under the erroneous belief that Phoca 
wymani and Delphinodon wymanii were specific homonyms, which they were 
not and are not. In my opinion Delphinodon leidyi was an unnecessary 
replacement name and should be relegated to the junior synonymy of Delphinodon 
wymanii.
Thus Squalodon wymanii consisted of the type tooth (ANSP 11225) and three 
referred specimens (ANSP 11222, 11223, and 11236), two of which (including the type) 
Leidy placed in Delphinodon. With the referral of the type specimen to Delphinodon, 
there remains no type specimen of Squalodon wymanii, and the two referred teeth that 
Leidy did not refer to Delphinodon are not currently in any genus.
All four of these teeth are still in the collections of the Museum of the Academy of 
Natural Sciences. They are all much smaller than any squalodont specimen. In addition, 
their shape is inconsistent with any squalodont tooth. These teeth are recurved and nearly 
circular in cross section, but the only squalodont teeth which are circular in cross section
14
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are the incisors, which are very large and not recurved. Thus, Squalodon wymanii need 
no longer be considered with the squalodonts, given the referral of the type to the genus 
Delphinodon and the lack of similarity between this specimen and any known squalodont. 
The unnamed teeth should be placed in Odontoceti incertae sedis until they are compared 
with other odontocete genera.
Squalodon mento Cope 
The history of Squalodon mento is likewise confusing. Squalodon mento was 
described by Cope (1867a):
Prof. E. D. Cope presented to the Academy specimens of four extinct species 
of Mammalia, which were discovered by Jas. T. Thomas, in the Miocene deposits 
of the Yorktown epoch in Charles Co., Maryland . . . .
Squalodon mento Cope was characterized from four molar teeth, which were 
between two and three times as large as those belonging to Squalodon wymanii 
(Phoca of Leidy) . . . .
Cope (1867b) went into more detail later, but muddled the issue somewhat by
citing Wyman's (1850) specimens from Richmond, VA:
Squalodon mento Cope. Cetacean, Wyman, Amer. Jour. Sci. Arts, 1850, 
230-232, figs. 4, 5, 6, 7.
This species is represented by four premolar teeth. . . .
This sounds as if Cope is designating Wyman's (1850) figures 4-7 as the type 
specimen, but Wyman's figures 5 and 6 are of a mandibular fragment Cope continued:
A tooth, perhaps occupying that place [the "transitional molar"] or the next, 
has been figured by Dr. Wyman (Supra fig 4), as belonging to the genus 
Phocodon Agass. The anterior premolars and a portion of the mandible, no doubt 
belonging to the same species, are figured in the same place as above. They 
belong to an animal much smaller than that to which the teeth above described 
pertain, and it is a matter of some question whether these specimens do not rather 
relate to the S. wymanii Leidy.
It seems clear that Cope was not designating any of Wyman's specimens as the 
type of S. mento, but rather the four teeth collected by Thomas in Charles Co., Maryland. 
Gillette's (1975) catalogue of the Academy of Natural Sciences type specimens listed, as 
the type of S. mento, ANSP 11228, 11229, and 11230, four premolars, with a note that
15
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only three are present. Apparently the fourth tooth was ANSP 11227, which was listed 
by Gillette (1975) as the holotype of Phocageruts venustus Leidy 1869.
Cope ( 1867a) listed the locality of the S. mento material as Charles Co., 
Maryland. Gillette (1975) listed Charles County, Maryland, for ANSP 11228-11230, but 
Richmond, Virginia for ANSP 11227. Ray (1976) pinpointed the locality of Wyman's 
material as the Calvert Formation of Richmond, VA.
Of the four teeth, only one (ANSP 11230—Figure 2.5) bears any resemblance to 
squalodont teeth. This tooth looks somewhat like a squalodont canine, but it does to any 
known squalodont tooth, and so can be excluded from the Squalodontidae. A note from 
Palmer (dated 1915) places ANSP 11228-11230 in Delphinodon, and I believe the teeth 
should remain in Delphinodon until that genus is examined in detail. Likewise, ANSP 
11227, the type of Phocagenus venustus, is clearly not squalodont, and as Leidy has 
already removed it from Squalodon, it need not be considered further here.
Figure 2.5. Squalodon mento Cope, holotype, ANSP 11230 (left) and 11228, as figured 
in the Miocene Plates volume. ANSP 11230 is 55 mm long, and looks somewhat like a 
squalodont tooth, but cannot be difinitely referred to the Squalodontidae. These are two of 
the original four type specimens.
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This leaves Wyman's (1850) specimens from the Calvert Formation of 
Richmond, Virginia (Figure 2.6), which I have been unable to locate. Wyman's Figure 4 
(which he called Phocodon) shows a tooth that looks very much like the anterior buccal 
teeth from Squalodon. Wyman's Figures 5 and 6 show the anterior part of a rostrum. 
Wyman compared it to Phocodon, Delphinus, and Basilosaurus, as well as to crocodiles, 
and thought that it most closely resembled Delphinus. In fact, his figure closely resembles 
the mandible of Squalodon calvertensis. Wyman's Figures 7a and 7b resemble 
squalodont canine or anterior buccal teeth, while 7c does not appear to be squalodont. 
While it is likely, given Wyman's figures and the age of the remains, that these specimens 
are squalodont, until the specimens are located this cannot be determined with certainty. 
Fortunately, since these are not Cope's type of S. mento, these specimens do not affect 
the nomenclature of Squalodon.
Colophonodon holmesii Leidy 
Colophonodon holmesii Leidy ( 1853b) was based on a tooth from South 
Carolina. Cope (1867b) reassigned this species to Squalodon holmesii. Kellogg (1923) 
said that the species is represented by one nearly complete tooth and fragments of five 
others. Leidy (1869) suggested that the teeth may be related to Agorophius. Kellogg 
(1923) stated that "The remains are altogether too incomplete to propose any definite 
allocation in the light of or present knowledge of the fauna of these phosphate deposits". 
This statement probably is still true, but it cannot be tested because the type specimen has 
apparently been lost. Kellogg (1923) was uncertain of the type's whereabouts ("Type 
teeth possibly in the Academy of Natural Sciences at Philadelphia"). Gillette (1975) did 
not list the specimen among the types housed in the Academy, and I have been unable to 
locate this specimen.
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Figure 2.6. Wyman’s (1850) Figures 1-8, p.232 of American Journal of Science, V10 
No. 29. The mandible (Fig. 5 and 6), and teeth (Fig. 4, 7a-7c) were referred by Cope to 
Squalodon mento. It appears that the mandible and Figs. 4 ,  7a, and 7b are probably 
squalodont, while 7c is not. These specimens are from Richmond, Virginia, almost 
certainly from the Calvert Formation, which is the only unit in Virginia known to produce 
squalodonts.
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Phoca modesta Leidy 
The history of Phoca modesta is entwined with that of Phoca debilis. A s  
mentioned above, Leidy (1869) designated one of the type teeth of Phoca debilis as the 
type of Phoca modesta, but he thought that it may have been squalodont. According to 
Gillette (1975), the holotype is ANSP 10322, and ANSP 10323 is a paratype. According 
to Kellogg (1923) Hay, 1902, refers this species to Squalodon as Squalodon? modesta. 
Kellogg (1923) was of the opinion that the teeth were from a pinniped. Ray (1976) stated:
In my opinion both taxa [Phoca debilis and Phoca modesta] represent small 
porpoises, neither Delphinodon nor Squalodon, whose affinities may or may not 
be determinable by thorough comparison with other taxa, including modem 
representatives, but which in any event are not pinnipeds-----
After examining these specimens, I agree with Ray. Squalodon debilis may be 
eliminated as improperly proposed, and S. modesta, while likely representing some type 
of cetacean, is not a squalodont.
Phoca debilis Leidy 
Phoca debilis Leidy ( 1856b) was described on the basis of three teeth from the 
Ashley River in South Carolina. Kellogg (1923) listed it as Delphinodon? debilis 
(presumably his referral, as he does not cite anyone), and indicated that Cope (1867b) 
referred this species to Squalodon. Indeed, Cope (1867b, p. 144) listed Squalodon debilis 
among the extinct cetaceans of North America. However, he did not list a type specimen, 
refer to Leidy's description of Phoca debilis, or even mention S. debilis in the text (the 
other five squalodonts listed by Cope on p. 144 are all described in the text). I can find no 
reference to S. debilis earlier than 1867 and, as no type is designated Squalodon debilis 
does not meet the requirements of Articles 12 and 16 of the International Code of 
Zoological Nomenclature and is therefore a nomen nudum.
The type teeth of Phoca debilis were ANSP 10322 (or possibly ANSP 10323), 
10324, and 10325. One of these teeth became the type of Phoca modesta (see below). 
Gillette listed the type of Phoca debilis as ANSP 10324 and 10325, "3 teeth, present," but
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in my examination of the teeth only two were present. Neither bears any resemblance to 
any squalodont tooth.
Squalodon? pelagius Leidy 
Squalodon? pelagius Leidy (1869) was based on a maxilla fragment with a buccal 
tooth in situ, from the Ashley River near Charleston, South Carolina. Leidy (1869) 
apparently had reservations about the placement of this species in Squalodon. Kellogg 
(1923) states that the type is in the Academy of Natural Sciences, but Gillette (1975) did 
not list it, and I have been unable to locate it. Fordyce (1981) thought that this tooth was 
similar to that of Xenorophus sloanii, but he did not list a location for the specimen, and 
may have based his conclusions on an illustration.
Archaeodelphis patrius Allen 
Archaeodelphis patrius Allen was based on a cranium in the United States 
National Museum from an unknown locality and age. Kellogg (1923) agreed with Allen 
that this species was related to Agorophius. Fordyce (1981) examined this specimen and 
stated that it appeared to be more primitive than Xenorophus or Agorophius, and placed it 
in Odontoceti incertae sedis. This species is clearly too primitive to be a squalodont.
Ceterhinops longifrons Leidy 
Ceterhinops longifrons Leidy (1877) was based on a partial cranium from the 
Oligocene of South Carolina. Leidy considered this species to be close to the squalodonts. 
Kellogg (1923) thought that the specimen was Eurhinodelphis, but the Oligocene age 
makes this unlikely. I have been unable to locate this specimen.
Graphiodon vinearius Leidy 
Graphiodon vinearius Leidy was based on a tooth from Martha's Vineyard, 
Massachusetts. According to Kellogg (1923), Cope (1890) referred it to Squalodon. 
Kellogg (1923) was of the opinion that this tooth might be from a physeterid. I have been 
unable to locate this specimen.
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AFigure 2.7. Squalodon crassus. Holotype, MCZ 16965, mandible. Scale = 10 cm.
Figure 2.8. Squalodon tiedemani Allen. Holotype, AMNH 475, rostrum. A. dorsal 
view, and B. ventral view. Scale = 10 cm.
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Squalodon crassus Allen 
Squalodon crassus Allen (1926) was based on a worn fragment of a mandible 
with no teeth, from the Oligocene of South Carolina (Figure 2.7). As Allen noted, the 
specimen is somewhat different from that of S. calvertensis, but it does have double­
rooted teeth (based on the alveolae). It is not yet clear if this material is diagnostic, but the 
large number of primitive odontocetes known from the Oligocene of South Carolina 
makes a species-level diagnosis impossible at this time.
Squalodon tiedemani Allen 
Squalodon tiedemani was described by Allen (1887) on the basis of a large 
rostrum fragment found in a dredge from the Wando River at Charleston, South Carolina 
(Figure 2.8). He referred two mandibular fragments from the same area to this species. 
Kellogg (1923) examined the type of S. tiedemani but was unable to decide whether or 
not this specimen was a squalodont or an archaeocete. Boreske et al. (1972) referred a 
rostrum and mandible fragment from North Carolina to this species. I described (Dooley 
1991) a skeleton (USNM 183023) collected in 1975 from the Calvert Formation of 
Virginia and referred this and a number of skull and mandible fragments from the Calvert 
Formation of Maryland and Virginia and the Pungo River Formation of North Carolina to 
S. tiedemani. However, examination of undescribed specimens at the Charleston Museum 
in South Carolina shows that the type specimen of S. tiedemani is very similar to the Late 
Oligocene Genus Y of Whitmore and Sanders (1976), mentioned above in relation to 
Saurocetus gibbesii. It is likely that all three of these specimens are from the same Late 
Oligocene deposits, all being found within a few miles of each other. The cranial anatomy 
of Genus Y is quite different from that of the USNM 183023 specimen, however, and the 
association of S. tiedemani with Genus Y leaves USNM 183023 and other large 
squalodont material from the Miocene without a name. This material represents an 
undescribed species (Chapter 4).
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Squalodon calvertensis Kellogg 
Squalodon calvertensis was described by Kellogg (1923) on the basis of a skull, 
mandible, numerous teeth and five vertebrae from the Calvert Formation, Zone 6, in 
Calvert County, Maiyland. To date this is the best documented squalodont outside of 
Europe, and at least five other skulls and hundreds of teeth have been referred to it (see 
Chapter 2). Kellogg considered this species to be distinct from S. atlanticus, but material 
collected since 1923 indicates that S. atlanticus falls within the range of specimens 
referred to S. calvertensis. Other material mentioned by Kellogg (1923) can be referred 
either to S. calvertensis or to a large undescribed squalodont species (see Chapters 3 and 
4 of this dissertation).
Other Specimens
For the west coast of North America, a great deal of work remains to be done. 
Mitchell and Tedford (1973) mentioned but did not figure some possible squalodont 
remains from California, which up to that time was the only record of a squalodont from 
the eastern Pacific deposits. More recently preparation has begun on a new squalodont 
specimen, probably representing an undescribed species, consisting of a skull from the 
Astoria Formation of Oregon (Dooley 1994).
Summary
The status of North American squalodont nomenclature is as follows:
Saurocetus gibbesii Agassiz, 1848. Not squalodont, possibly "Genus Y"
Agorophius pygmaeus Muller, 1849. Not squalodont Agorophiidae.
Squalodon wymanii Leidy, 1853. Not squalodont, referred to Delphinodon by Leidy. 
Colophonodon holmesii Leidy, 1853. Type lost.
Delphinodon debilis Leidy, 1856. Nomen nudum.
Squalodon atlanticus Leidy, 1856. Squalodont; not based on species-diagnostic material. 
Cynorca proterva Cope, 1867. Type lost.
Squalodon mento Cope, 1868. Not squalodont, placed in Delphinodon by Palmer.
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Squalodon modesta Leidy, 1869. Not squalodont.
Squalodon pelagius Leidy, 1869. Type lost? May be Xenorophus.
Squalodon protervus Leidy 1869. Nomen nudum.
Graphiodon vinearius Leidy, 1870. Not located. May be physeterid.
Ceterhinops longifrons Leidy, 1877. Affinities not yet determined.
Squalodon tiedemani Allen, 1887. Not diagnostic. May be "Genus Y" of Whitmore and 
Sanders 1976.
Archaeodelphis patrius Allen, 1921. Not squalodont. Odontoceti incertae sedis.
Squalodon calvertensis Kellogg, 1923. Valid.
Squalodon crassus Allen, 1926. Affinities not yet determined, probably not squalodont. 
Undescribed species from Virginia, "S. tiedemani" of Dooley 1991.
Undescribed species from Oregon, Dooley 1994.
Thus, squalodont diversity in North America is not nearly as great as it might appear 
from some species lists. Only one of the 17 earlier species can be considered valid, and it 
appears that there were only two species living on the western Atlantic Coast. This dramatic 
reduction in diversity should be considered when evolutionary and ecological studies of this 
family are undertaken.
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CHAPTER 3. REDESCRIPTION OF SQUALODON CALVERTENSIS KELLOGG, 
1923, A PRIMITIVE WHALE FROM THE MIDDLE MIOCENE 
CALVERT FORMATION
Introduction
The Squalodontidae have long interested taxonomic and systematic workers, as 
they fall roughly between primitive and modem odontocetes both temporally and 
morphologically. Unfortunately, squalodonts fossils are not particularly common, and the 
lack of adequate material has made it difficult to study the family. Indeed, a major concern 
for researchers has been to determine exactly what, if anything, defines the 
Squalodontidae (for example, Simpson 1945, Muizon 1987, 1991, 1994, Fordyce 1994). 
As suggested by Messenger (1994), the knowledge of squalodont taxonomy is so poor 
that it has hampered efforts to study the systematics. This paper is part of a larger effort to 
rectify this problem.
Squalodon calvertensis was originally described by Remington Kellogg in 1923, 
based on a skull, a partial mandible, and a few vertebrae. It was at that point in time by far 
the best known squalodont from North America, and as it was the only one based on 
adequate material (Chapter 2) most subsequently collected specimens have been referred 
to it. As one would expect, over the last 75 years a number of new specimens have been 
discovered. Even so, Kellogg’s outstanding 1923 paper remains the only detailed 
description of a squalodont specimen from North America, although a number of forms 
are known from Europe (for example, S. bariensis, S. bellunensis, and Kelloggia 
barbarus). The numerous new remains can greatly add to an understanding of both this 
species and the family Squalodontidae as a whole, and are the justification for this paper. 
Rather than reiterate Kellogg’s original description, which remains entirely adequate 
today, this paper will briefly describe the major new S. calvertensis remains, 
concentrating on areas which do not overlap with, or differ from, the type material.
25
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Abbreviations
USNM = National Museum of Natural History, Smithsonian Institution
AMNH — American Museum of Natural History
CMM-V = Calvert Marine Museum Vertebrate Collections
ANSP = Academy of Natural Sciences of Philadelphia
ChM PV = Charleston Museum Vertebrate Fossil Collection
SYSTEMATIC TAXONOMY 
Order CETACEA Linneaus, 1758 
Suborder ODONTOCETI Flower, 1867 
Family SQUALODONTIDAE Brandt, 1873 
Genus Squalodon Grateloup, 1840 
Species Squalodon calvertensis Kellogg, 1923
Type Specimen
USNM 10484. Specimen consists of a skull (lacking the tip of the rostrum); the right
periotic; the partial right mandible; 11 teeth; five vertebrae (two thoracics and three 
lumbars); the right ulna; and rib fragments. Described by Kellogg (1923).
Type locality: Maryland, Calvert Co., near latitude 38° 40’ N longitude 76° 32’ W, 2 mi.
S Chesapeake Beach.
Unit: Calvert Formation, Plum Point Member, “Zone 6” (Miocene-Burdigalian). Dug 
from the cliffs five feet above the beach, apparently well above the “oyster shell 
stratum”.
Collector: Norman H. Boss, 1921.
Major referred specimens 
USNM 10695. Specimen consists of 22 skull and mandible fragments and two teeth. 
Described by Kellogg (1923).
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Locality: Maryland, Calvert Co., near lat. 38° 40' long 76° 32', Chesapeake Beach, 
Patuxent Quad.
Unit: Calvert Formation, Plum Point Member, “Zone 9” (Miocene-Burdigalian).
Collector William Palmer, 1916.
USNM 10949. Specimen consists of a poorly preserved skull (lacking the tip of the 
rostrum and the basicranium), and one phalanx.
Locality: Maryland, Calvert Co., near lat. 38° 40’ long 76° 32', near beginning of beach, 
S the boy scout camp, Chesapeake Beach, Patuxent Quad.
Unit: Calvert Formation, Plum Point Member, “Zone 4-9” (Miocene-Burdigalian). Found 
10 feet below “Zone 10”, in a layer of greenish sandy clay, with Corbula elevala.
Collector: Norman H. Boss and Remington Kellogg, 1924.
USNM 22902. Specimen consists of the imperfect left mandible; various indeterminate
skull fragments; the right tympanic bulla (the left is present, but poorly preserved); 
numerous tooth fragments (nine include at least partial crowns, seven are complete 
enough to be measure); nine vertebrae (atlas, Ce 5 or 6, T 4?, T 5, T 10, T11, 
T12, LI, L 2); a single chevron; parts of at least 15 ribs; and the partially 
articulated left forelimb (partial scapula, humerus, radius, ulna, pisiform, all five 
carpals, all five metacarpals, and six phalanges), and metacarpal III from the right 
thoracic limb.
Locality: Maryland, Anne Arundal Co., Chalk Point Power Plant.
Unit: Calvert Formation, ?Fairhaven Member (Miocene-Burdigalian). An unpublished 
diatom report stored with the specimen indicates “Lower Calvert Formation”.
Collector: Hotton, Kitching, and Paulson, 1962.
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USNM 23537. Specimen consists of a fragmented skull (including the rostrum minus the 
tip, the left supraorbital process, and the right postorbital process, the occipital 
condyles, the left zygoma and exoccipital, and part of the left basioccipital); six 
teeth (2 in situ); the left periotic; portions of the right mandible (including the 
condyle); 11 vertebrae (Ce 3, Ce 6, Ce 7, T 1 through T 6, and two lumbars, plus 
fragments), and 3 ribs.
Locality: Maryland, Calvert Co., Calvert Cliffs E Willows, 0.3 mi. S Camp Roosevelt,
38° 38' 5" N 76° 31' 13” W.
Unit: Calvert Formation, Plum Point Member, “Zone 6” (Miocene-Burdigalian).
Collector: R. Mongelli and J. Anthony, 1965.
USNM 23546. Specimen consists of a single posterior tooth.
Locality: Virginia, King William Co., in cliffs on James River, Old Church.
Unit: Listed as Old Church Formation, (Oligocene). Found four feet below the top of the 
cliffs, in a two-inch thick pebble bed. May be Calvert Formation (Miocene).
Collector: C. F. Buddenhogen, 1965.
USNM 25910. Specimen consists of a well preserved posterior left mandible (including 
the condyle, part of the coronoid, and alveolae for the last four teeth), and three 
teeth in situ.
Locality: Maryland, Calvert Co., Calvert Cliffs 1500 ft S wharf at Camp Roosevelt.
Unit: Calvert Formation, Plum Point Member, “Zone 6” (Miocene-Burdigalian). Found 
four feet above water in Corbula shell band.
Collector: B. Fisher, 1969.
USNM 25946. Specimen consists of a fragment of the right mandible (including alveolae 
for seven teeth), and two teeth in situ.
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Locality: Virginia, Westmoreland Co., George Washington Birthplace National 
Monument, cliffs W Wakefield Beach.
Unit: Calvert Formation, Calvert Beach Member, “Zone 14” (Miocene-Langhian?).
Collector: P. McCreary, 1969.
USNM 167600. Specimen consists of a fragment of the left mandible (including alveolae 
for nine teeth).
Locality: Maryland, Calvert Co., Found 375 yards N pilings at Kaufman Camp.
Unit: Calvert Formation, Plum Point Member, “Zone 10” (Miocene-Burdigalian). Found 
on beach, with matrix from Zone 10.
Collector: A. Myrick, 1970.
USNM 175382. Specimen consists of two isolated teeth, the left tympanic bulla, three 
vertebrae (atlas, Ce & and T 7), three rib fragments, and a partial sternum.
Locality: Maryland, Anne Arundel Co., Fairhaven, 350 ft S north end of 3rd cliff 
downstream on Young's property.
Unit: Calvert Formation, Fairhaven Member, “Zone 3” (Miocene-Burdigalian). Found 
6.5 ft above base of cliff, just above contact of Zones 2 & 3.
Collector: J. Kaltenbach and D. Sager, 1970.
USNM 181712. Specimen consists of a left tympanic bulla.
Locality: New Jersey, Monmouth Co., Shark R. W Garden St. Pkwy, 700 ft NW mouth 
of Reevey Branch, New Shrewsbury.
Unit: Kirkwood Formation, (Miocene-Burdigalian). Found in gravel at base of Kirkwood 
Fm.
Collector: G. R. Case, 1972.
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USNM 182923. Specimen consists of a fragment of the left maxilla, with two teeth (one 
in situ).
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23’N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: J. H. McClellan, 1973.
USNM 182944. Specimen consists of a single posterior tooth.
Locality: Maryland, Calvert Co., South Chesapeake Beach.
Unit: Calvert Formation, Plum Point Member, “Zone 4” (Miocene-Burdigalian). Found in 
the “oyster layer”.
Collector: R. L. Collins, 1937.
USNM 182959. Specimen consists of a single incisor crown.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: W. Shelton, 1974.
USNM 183055. Badly crushed specimen consists of fragments of the skull (including 
part of the vertex and supraoccipital, part of both squamosals, the basioccipital, 
parts of each maxilla, and parts of the supraorbital process); both tympanic bullae; 
the right periotic; the posterior portions of both mandibles; and parts of 37 teeth 
(one in situ).
Locality: Maryland, Calvert Co., Kaufman Camp, on Plum Point Road, 300 yds. N 
camp, at base of cliff.
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Unit: Calvert Formation, Plum Point Member, “Zone 9 or 10?” (Miocene-Burdigalian).
Collector: J. F. Jacobs, 1976.
USNM 187315. Specimen consists of a crushed skull (lacking the basicranium); the right 
tympanic bulla; both periotics; and 26 teeth. (On the collections slip, 30 teeth are 
listed, as well as two vertebrae. I was unable to locate the vertebrae or the 
additional four teeth.)
Locality: Virginia, Westmoreland Co., Morris property, W Morris Cliffs, Wakefield, VA.
Unit: Calvert Formation, either Plum Point Member “Zone 12” or Calvert Beach Member, 
“Zone 14” (Miocene-Langhian?).
Collector: A. Myrick, 1969.
USNM 187393. Specimen consists of two anterior teeth, including an incisor.
Locality: Maryland, Calvert Co., 0 .25  mi. S Randle Cliff Beach.
Unit: Calvert Formation (Miocene-Burdigalian).
Collector: R. L. Collins, 1937.
USNM 187394. Specimen consists of a single incisor.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: Clayton Ray.
USNM 187403. Specimen consists of a single incisor.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
31
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: R. Douglas, 1973.
USNM 187408. Specimen consists of a single ulna.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector Clayton Ray.
USNM 206288. Specimen consists of a skull with several teeth in situ, lacking the tip of 
the rostrum. On exhibit at National Museum of Natural History.
Locality: Maryland, Calvert Co., near Kaufman Camp, 250 yards S Anderson property, 5 
feet above beach.
Unit: Calvert Formation, Bed 10 (Miocene-Burdigalian).
Collector: Ken Leidigh, 1969.
USNM 214426. Specimen consists of a fragment of the left mandible, with Five alveolae.
Locality: Maryland, Calvert Co., on beach near Governor's Run.
Unit: Calvert Formation, Calvert Beach Member, “Zone 14-15” (Miocene-Langhian?).
Collector: J. C. Lore.
USNM 214644. Specimen consists of a broken skull (including the basioccipital, left
zygoma and condyle, the left side of the vertex, left supraorbital process, and the 
posterior part of the left side of the rostrum); four teeth, and the right periotic.
Locality: Maryland, Prince Georges Co., Pleasant Springs, 1/2 mi. N MD 373, 1/4 mi.
W W. side of Duckett Road Loop, Piscataway 7.5' quad.
32
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Unit: Calvert Formation, Calvert Beach Member, “Zone 14” (Miocene-Langhian?). Five 
feet below top of Calvert Fm as exposed in valley of tributary of Birch Branch.
Collector: T. Fanning, 1974.
USNM 299778. Specimen consists of a fragment of the left mandible, with three 
alveolae.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: N. Riker, 1980.
USNM 328343. Specimen consists of a well preserved skull (lacking most of the
rostrum); 13 teeth (five in situ); both periotics; four vertebrae (Ce 2,3, and 4, and 
an anterior thoracic); two rib fragments; and the right humerus.
Locality: Maryland, Charles Co., 0.2 mi. SSW BM107M1077, Pope’s Creek 7.5 min. 
Quad.
Unit: Calvert Formation, Fairhaven Member, “Zone 3A” (Miocene-Burdigalian).Found 
about 9 m above the Eocene-Miocene contact.
Collector: K. Savoie and Frank C. Whitmore, Jr., 1979.
USNM 347949. Specimen consists of the right periotic.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: P. J. Harmatuk.
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USNM 359829. Specimen consists of a broken incisor.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: P. J. Harmatuk.
USNM 449546. Specimen consists of a crushed rostrum, embedded in matrix and visible 
on the ventral surface, and one tooth in situ.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: Unknown.
USNM 449565. Specimen consists of the left tympanic bulla.
Locality: Maryland, Charles Co., ninety paces upstream of pipe, Pope’s Creek 7.5 min. 
quad.
Unit: Calvert Formation, Fairhaven Member, “Zone 3A” (Miocene-Burdigalian).Found 
about 10 feet above the Eocene-Miocene contact.
Collector J. Westgate, 1976.
USNM 449571. Specimen consists of a crushed rostrum, embedded in matrix, with one 
tooth in situ.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: V. Schneider.
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USNM 449603. Specimen consists of a maxilla fragment; three tympanic bullae (two left, 
one right); and 11 teeth (one in situ).
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: Hyne and Hyne.
USNM 449604. Specimen consists of left and right periotics.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: Hyne and Hyne.
USNM 449606. Specimen consists of a left mandible fragment, with the posterior eight 
alveolae.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: Hyne and Hyne.
USNM 449607. Specimen consists of a right mandible fragment, with three broken teeth 
in situ.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
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Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: Hyne and Hyne.
USNM 449735. Specimen consists of broken posterior tooth.
Locality: Alabama, Conecuh Co., near Conecuh Co. line, on Sepulga River (near 
confluence of Conecuh and Sepulga?).
Unit: Glendon Formation (Oligocene).
Collector: C. Bennett.
USNM 453005. Specimen consists of a mandible fragment and 3 tooth fragments, 2 in 
situ.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: Unknown, 1983.
USNM 453006. Specimen consists of two mandible fragments (one of which is not 
Squalodon) and 19 teeth.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: Hyne and Hyne.
USNM 454775. Specimen consists of a single complete incisor.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
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Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: G. C. Fonger, 1990.
USNM 454777. Specimen consists of a left humerus.
Locality: North Carolina, Beaufort Co., Lee Creek Mine, lat. 35° 23'N long 76° 47' 30” 
W, S. side of Pamlico River, near Aurora.
Unit: Pungo River Formation (Miocene-Burdigalian).
Collector: Hyne and Hyne.
USNM 498740. Specimen consists of right humerus; proximal end of the radius; and 
proximal end of the ulna.
Locality: Maryland, Charles Co., Pope’s Creek.
Unit: Calvert Formation, Fairhaven Member, “Zone 3” (Miocene-Burdigalian).
Collector: N. Riker, 1993.
USNM 498741. Specimen consists of an ulna.
Locality: Delaware, Kent Co., Barrow pit on east side of US 13, 5.2 miles south of 
Smyrna, 0.7 mi. S of Lake Garrison.
Unit: Calvert Formation, ?Fairhaven Member (Miocene-Burdigalian).
Collector: Unknown.
USNM 498742. Specimen consists of the partial left mandible (lacking the portion
posterior to the eighth tooth); seven in situ teeth; a rib; and three vertebrae (axis, 
Ce4, and T 3 or 4).
Locality: Maryland, Charles Co., “upriver” on Pope’s Creek.
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Unit: Calvert Formation, Fairhaven Member, “Zone 3A?” (Miocene-Burdigalian). Found 
1.1m above base of the Fairhaven.
Collector: Darryl P. Domning, 1992.
USNM 498743. Specimen consists of crushed skull (including the basioccipital, 
zygomatic processes, and parts of the rostrum); the right periotic; the right 
tympanic bulla; portions of both mandibles; 35 teeth (eight in situ); four vertebrae 
(atlas, Ce 3, Ce 5, Ce 7); the partial left scapula; left humerus; and parts of at least 
10 ribs, plus parts from other animals.
Locality: Virginia, Westmoreland Co., George Washington Birthplace National 
Monument, Westmoreland State Park.
Unit: Calvert Formation, Calvert Beach Member, “Zone 14” (Miocene-Langhian?).
Collector: D. J. Bohaska, 1990.
CMM-V-208. Specimen consists of a skull fragment (the right zygomatic process); right 
tympanic bulla; seven teeth; 13 vertebrae (axis, Ce 3, Ce 4, Ce 5, Ce 6, Ce 7, T 1, 
T 2, T3, T 4, T 5, T 6, and T i l ) ;  eight ribs; left scapula; left ulna with pisiform; a 
carpal; and three phalanges.
Locality: Maryland, Charles Co., Pope’s Creek.
Unit: Calvert Formation, Fairhaven Member, “Zone 3” (Miocene-Burdigalian).
Collector: D. J. Bohaska, 1987.
AMNH 104649. Specimen consists of a tympanic bulla.
Locality: New Jersey, Monmouth Co., Shark R. W Garden St. Pkwy, New Shrewsbury.
Unit: Kirkwood Formation, (Miocene-Burdigalian). Found in gravel at base of 
Kirkwood.
Collector: Brzostosk, 1977.
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AMNH unnumbered specimen A. Specimen consists of a left mandible fragment with 
four alveolae.
Locality: Virginia, Pamunkey River, associated with the type of Mesocetus siphunculus. 
Unit: Calvert Formation? (Miocene).
Collector: E. D. Cope, 1895.
AMNH unnumbered specimen B. Specimen consists of a right zygoma.
Locality: Virginia, Pamunkey River, associated with the type of Mesocetus siphunculus. 
Unit: Calvert Formation? (Miocene).
Collector: E. D. Cope, 1895.
ANSP 11220. Left maxilla fragment, with three teeth in situ. Previously referred by Cope 
to S. atlanticus.
Locality: Maryland, Charles Co.
Unit: Calvert Formation, Fairhaven Member? (Miocene).
Collector: Unknown.
ANSP 11221. Right maxilla fragment, with three teeth in situ. Previously referred by 
Cope to S. atlanticus.
Locality: Maryland, Charles Co.
Unit: Calvert Formation, Fairhaven Member? (Miocene).
Collector: Unknown.
Skull
There are 13 specimens of S. calvertensis for which significant portions of the 
skull are known (see Figures 3.1-3.13). None of these is complete, and some parts (for 
example, the palatine region and the tip of the rostrum) are not well preserved in any
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specimens. Even so, it is possible to get some idea of the morphology and variation in the 
skull.
In dorsal view, the most noticeable feature of the skull of S. calvertensis is that it 
consists of mostly rostrum, as can be seen in the holotype (Figure 3.1). The rostrum 
makes up about 70% of the total length of the skull. It is rather narrow and widens 
somewhat distally, a feature considered by Muizon (1991, 1994) to be a synapomorphy 
of the Squalodontidae. In S. bariensis from the Miocene of France the rostrum shows 
these traits, but it appears that the rostrum is relatively somewhat shorter and wider than 
in S. calvertensis. The rostrum length/width ratio is 3.25 in S. bariensis, and 3.62 in S. 
calvertensis. In USNM 183023, a large undescribed squalodont that coexisted with S. 
calvertensis, the rostrum is relatively longer and wider than in either of the other two 
species. The premaxillae extend along the upper and inner margins of the rostrum, but fail 
to meet on the midline dorsally, although they do approach each other rather closely. The 
mesorostral gutter is thus open for nearly its entire length. In the type there is only slight 
ossification of the mesethmoid, but this specimen appears to be a juvenile. In USNM 
328343 (Figure 3.2), the mesethmoid is more extensively ossified, especially posteriorly 
where it forms a solid plate over the anterior margin of the nasals. There are a pair of 
openings at the posterior end of the mesorostral gutter in USNM 10484, which were 
interpreted by Kellogg as carrying the nasal branches of the ophthalmic nerve. In other S. 
calvertensis specimens this area is damaged or hidden by the ossified mesethmoid, but in 
USNM 183023, the large squalodont species, they are present. In that specimen they 
open into a pair of cavities on the anterior side of the braincase, which are here interpreted 
as representing olfactory lobes. Both the olfactory lobes and the associated nerves are lost 
in modem odontocetes.
There is a prominent antorbital notch at each posterior comer of the rostrum. The 
lachrymal is usually missing, but it is present in some specimens. Just posterior to the 
antorbital notches are the large premaxillary foramina. At about this point the premaxillae
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Figure 3.1. Squalodon calvertensis. Holotype, USNM 10484, skull. A. dorsal, B. 
ventral, and C. posterior. Scale = 10 cm.
41
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Bwfv
Figure 3.2. Squalodon calvertensis. USNM 328343, skull. A. dorsal, B. ventral, C. 
right lateral, and D. posterior. Scale = 10  cm.
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reach their greatest width; thereafter they narrow dramatically and continue posteriorly 
until they almost reach the supraoccipital.
At the posterior margin of the rostrum the maxillae become narrower and expand 
laterally, almost completely covering the frontal. The only frontal exposed in dorsal view 
(other than at the vertex) is a narrow strip along the lateral margins of the supraorbital 
processes. The temporal fossae seem to be more completely roofed by the expanded 
frontals and overlying maxillae than is the case in S. bariensis. This condition is most 
pronounced in USNM 328343 (Figure 3.2) and USNM 206288 (Figure 3.3), but it is 
apparent in all the specimens that have this area preserved. The maxillae extend back 
almost to the supraoccipital, but fail to come into contact with it. The maxillae are concave 
over the temporal fossae and slope up toward the vertex. There are several foramina 
adjacent to the vertex, and it is possible that this area could have supported a melon.
In S. calvertensis, the vertex is small and rectangular, bounded laterally by the 
maxillae and possibly the premaxillae. There is considerable variation in the exposed 
frontals and nasals. In USNM 10484 there are distinct sutures between the four bones 
(the paired frontals and nasals), and their surface is rather smooth. In many other 
specimens, including USNM 328343, USNM 10695 (Figure 3.10), USNM 10949 
(Figure 3.4), as well as in USNM 183023 from the large species, the sutures are 
completely obscured, and the surface is rugose with large longitudinal ridges. In USNM 
10695 the vertex is broken, and in cross section it is clear that both the frontals and nasals 
are in fact present, but fused to a high degree. USNM 187315 (Figure 3.8) shows a 
condition intermediate between the extremes of USNM 10484 and USNM 328343. It 
seems likely that this is ontogenetic variation. USNM 10484 was apparently a young 
individual, judging from the general openness of the cranial sutures and the lack of fused 
epiphyses on any of the five vertebrae associated with the skull.
In lateral view, one feature noted by Kellogg (1923) is the upturned rostrum. 
Kellogg suspected that this could be a taphonomic feature, but new skulls (for example,
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Figure 3.3. Squalodon calvertensis. USNM 206288, cast of skull. A. dorsal, B. ventral, 
C. posterior, D. right lateral and E. left lateral. Scale = 10 cm. The part of the rostrum 
anterior to the in situ teeth is incorrectly restored; it should be longer, laterally expanded 
and upturned at the tip, and the alveolae should be directed differently.
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Figure 3.4. Squalodon calvertensis. USNM 10949, skull. A. dorsal, B. ventral, and C. 
right lateral. Scale = 10 cm.
Figure 3.5. Squalodon calvertensis. CMM-V-208, right zygomatic process. A. lateral, 
and B. ventral. Scale = 10 cm.
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USNM 23537 [Figure 3.6], USNM 183023) and well-preserved mandibles (USNM 
22902 [Figure 3.16], USNM 498742 [Figure 3.17]) indicate that the rostrum was in fact 
upturned in the living animal.
Kellogg noted the wide separation of the zygomatic processes and the postorbital 
processes in USNM 10484, when compared to S. bariensis . I believe this is due to 
crushing of this specimen, as the foramen magnum is flattened into an oval. Other 
specimens (such as USNM 328343 and USNM 206288) have zygomatic processes that 
are nearly in contact with the postorbital processes.
In ventral view, the rostrum is comprised primarily of the maxillae, which extend 
back past the antorbital notch. The premaxillae make up the distal end of the rostrum, and 
the vomer is narrowly exposed along the midline. It appears that the tooth count is 
uniformly three incisors, one canine, and 12 buccal teeth. The same count is seen in the 
large squalodont (USNM 183023). The distal end of the rostrum is not well preserved in 
any specimen, but it appears to show the normal squalodont pattern of having the root for 
the first incisor lying directly dorsal to the second incisor. Thus II and 12 both point more 
or less directly forward. 13 apparently protrudes at about a 45-degree angle forward and 
outward. The canine is directed even more ventrally, and the buccal teeth all point straight 
down. The last alveolus lies about 100 mm anterior to the antorbital notch, but this is 
quite variable.
Kellogg (1923) commented that there is an overlap in the posterior teeth of USNM 
10484, as in ANSP 11220 and 11221 (Figure 3.13), which had been referred to 5. 
atlanticus by Cope (1867). I can see no evidence for this feature in USNM 10484, but it 
may be present to a certain degree in USNM 183055 and in USNM 498743 (Figure 3.7). 
The tremendous amount of variation seen in squalodont teeth throws into doubt the 
referral of ANSP 11220 and 11221 to S. atlanticus, an allocation also questioned by 
Kellogg. Kellogg (1923) was convinced that S. calvertensis and S. atlanticus were not 
closely related, but at that time only a few squalodont teeth were associated with skulls,
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Figure 3.6. Squalodon calvertensis. USNM 23537, skull. A. rostrum, dorsal, B. 
rostrum, ventral, C. left zygomatic process, lateral, D. left zygomatic process, lateral, E. 
posterior. Scale = 10 cm.
Figure 3.7. Squalodon calvertensis. USNM 498743, skull, ventral view. Scale = 10 cm.
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Figure 3.8. Squalodon calvertensis. USNM 187315, skull. A. dorsal, B. ventral. Scale = 
10 cm.
Figure 3.9. Squalodon calvertensis. USNM 214644, skull. A. dorsal, B. ventral. Scale = 
10 cm.
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so the range of variation was not known. New specimens indicate that the S. atlanticus 
type teeth fall into the range of S. calvertensis specimens, and those of other squalodonts 
probably do as well.
On the midline, the maxillae extend posteriorly to about the level of the antorbital 
notch. The maxillae have a V-shaped contact with the palatines. The palatines meet on the 
midline. There is also a lateral portion of the palatine (dorsal part of palatine of Muizon, 
1994), which is separated from the medial part of the palatine by the maxilla. Muizon 
(1991, 1994) regarded this as an early stage of the condition seen in the Platanistidae, in 
which the medial part of the palatine has disappeared. The palatines extend back to the 
anterior margins of the choanae.
The pterygoids in USNM 424070 have pronounced hamular fossae, and extend 
between the lateral portions of the palatines. The pterygoids contribute to the interior and 
posterior margins of the nares. Posterior to the nares, the medial laminae extend 
posteriorly and laterally until they contact the basioccipital crests. This is similar to the 
condition in S. bariensis as figured by Muizon (1991). In USNM 10484, the 
basioccipital crest appears to be isolated, but the pterygoids are missing in this specimen. 
The lateral lamina is not well preserved, but it appears to be relatively small and to come 
into contact with the falciform process of the squamosal, so that the pterygoid sinus is 
surrounded on both sides by the pterygoid. This is again consistent with S. bariensis.
The glenoid fossa is nearly flat, in contrast to the large squalodont (USNM 
183023, USNM 424070) in which the glenoid fossae are distinctly concave. The 
postglenoid process is long and pointed. This again differs from the large species, which 
has a low, rounded postglenoid process.
Petrosal
Luo and Eastman (1995) described squalodontoid petrosals from the Oligocene of 
South Carolina (ChM PV4991 and PV4992). These specimens are, to quote Luo and 
Eastman (p.433) “virtually identical to S. calvertensis." Squalodon bariensis also has a
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Figure 3.10. Squalodon calvertensis. USNM 10695, skull. A. Portion of the right 
frontal, showing part of the channel for V2, ventral view, anterior toward top of page. B. 
Portion of the right maxilla, at the posterior end of the tooth row, ventral view, anterior to 
the right. C and D. Left zygomatic process, C. lateral view, D., ventral view. E and F. 
Frontal/nasal complex, broken along the midline, showing the frontal/nasal suture. E. 
Medial view, anterior to right, and F. dorsal view, anterior to top. Scale = 10 cm.
Figure 3.11. Squalodon calvertensis. USNM 449571, rostrum, ventral. Scale = 10 cm.
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Figure 3.12. Squalodon calvertensis. USNM 183055, skull, dorsal. Scale = 10 cm.
Figure 3.13. Squalodon calvertensis. ANSP 11220 (A) and ANSP 11221 (B), maxillary 
fragments, ventral. Scale = 10 cm.
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petrosal similar to that of S. calvertensis , especially when the range of S. calvertensis 
morphology is considered (Muizon 1991). Considering the close similarity of ChM 
PV4991 and PV4992 to S. calvertensis, as well as the possible presence of a squalodont 
tooth in the contemporary Old Church Formation from Virginia (USNM 23536), it seems 
likely that the Charleston specimens represent some species of Squalodon. However, 
given the age disparity between S. calvertensis and the Charleston specimens, and the 
lack of described skulls from the Charleston deposits, Luo and Eastman were justified in 
refraining from referring the specimens to a particular genus.
ChM PV4991 and PV4992 are so similar to S. calvertensis that Luo and 
Eastman’s description (1995) can serve for S. calvertensis as well. Rather than repeat 
their description, I will concentrate on some notable areas of variation visible in the 
extensive Miocene material. Unless noted, terms are sensu Luo and Eastman (1995). 
Examples of S. calvertensis petrosals are shown in Figure 3.14.
The variation in petrosals seems to be mostly due to a twist in the anterior process 
seen in some specimens. This, in turn, appears to be the result of a slight enlargement of 
the tensor tympani. The arbitrary “standard” condition is that seen in ChM PV4991, also 
observed in USNM 328343 and USNM 10484. In USNM 183055 and USNM 498743 
the groove for the tensor tympani is enlarged. As a result, the groove continues around to 
the lateral side of the petrosal, giving the anterior process a bi-lobed appearance and 
causing the groove for the tensor tympani to have much steeper sides. The difference in 
shape of the anterior process also appears to result in a groove which extends dorsally 
along the lateral side of the superior process to the superior tuberosity. Another result of 
the changes in the anterior process is a deeper fossa epitubaria, which is the main reason 
for the apparent larger size of the superior tuberosity in these specimens. USNM 187315 
shows a condition between these two extremes.
Other differences in the petrosals have less dramatic effects. The fenestra rotunda 
varies somewhat in shape, ranging from essentially teardrop-shaped in USNM 328343 to
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Figure 3.14. Squalodon calvertensis. Petrosals. USNM 328343, left, A. ventral, B. 
dorsal, C. dorso-medial. USNM 328343, right, D. ventral, E. dorsal, F. dorso-medial. 
USNM 187315, right, G. ventral, H. dorsal, I. dorso-medial. USNM 498743, right, J. 
ventral, K. dorsal, L. dorso-medial, M. lateral. USNM 183055, right, N. ventral, O. 
dorsal, P. dorso-medial, Q. lateral. USNM 214644, right, R. ventral, S. dorso-medial. 
USNM 10484, holotype, right, T. ventral, U. dorsal. Scale = 5 cm.
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circular in USNM 183055. There is also a range of sizes of the endolymphatic foramen 
and perilymphatic foramen. It is largest in USNM 328343 and smallest in USNM 183023 
and USNM 498743. In all these characteristics USNM 187315 is again intermediate.
The taxonomic significance of the petrosal is not clear. While it certainly seems 
that family-level determinations can be made based on isolated petrosals, genus and 
species determinations seem impossible, as the range of individual variation seems to be 
as great as the range of interspecific variation. Muizon (1991, 1994) suggested that the 
Squalodontidae have an incipient articular process, which is fully developed in Plalanista 
and Pomatodelphis, and partly developed in Notocetus and Phocagenus. In 5. 
calvertensis this feature is present in most specimens, to varying degrees. As the 
Eurhinodelphidae also have this type of articulation (Fordyce, 1994), so the homologies 
of this feature are not clear. A feature that commonly occurs in S. calvertensis is the 
fusion of the posterior process to the squamosal (see particularly USNM 328343 and 
USNM 498743 in Figure 3.14). The spongy bone associated with this fusion is not 
universal in squalodonts; it is not present in ChM PV4991 or PV4992 - although the 
posterior process is rugose (Luo and Eastman, 1995) - nor is it present in Waipatia 
(Fordyce, 1994). It is present in “Prosqualodon” hamiltoni, which Fordyce considered a 
sister taxon to Squalodon (Fordyce, 1994).
Tympanic bulla
Squalodonts possess a large, robust tympanic bulla. There is almost no variation 
in this bone; the tympanic bullae of 5. bariensis and S. calvertensis are essentially 
identical. Figure 3.15 includes several S. calvertensis tympanic bullae from three different 
formations. USNM 449603 and USNM 321963 are from the Pungo River Formation, 
AMNH 104649 is from the Kirkwood Formation, while the remaining specimens are 
from the Calvert Formation.
The tympanic bulla is heart shaped, with two lobes posteriorly. As noted by 
Muizon (1991) in redescribing S. bariensis, the two lobes are the same length with a
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Figure 3.15. Squalodon calvertensis. Tympanic bullae. USNM 175382, left, A. lateral, 
B. dorsal, C. ventral. USNM 22902, right, D. lateral, E. dorsal, F. ventral. USNM 
321963, right, G. lateral, H. ventro-medial, I. ventral. USNM 187315, right, J. lateral, 
K. dorsal, USNM 181712, left, L. lateral, M. dorsal. AMNH 104649, right, N. lateral, 
O. dorsal, USNM 449603, right, P. lateral, Q. dorsal. USNM 449603, left, R. lateral, S. 
dorsal. USNM 449603, left, T. lateral, U. dorsal. Note that USNM 449603 represents at 
least two different animals. Scale = 10 cm.
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narrower lateral lobe. The lobes are separated by a ventral groove which extends a little 
more than half the length of the bulla and ends in a roughened area, as in Waipatia 
(Fordyce, 1994). The ventral groove does not reach the apex of the bulla in Squalodon, 
as it does in Waipatia (Fordyce, 1994) and Notocetus (Muizon, 1987, 1991).
There is a prominent anterior spine. This is often worn down in reworked 
specimens, but usually the base of the spine is present even in these specimens. Muizon 
(1991) noted that the spine in Squalodon is relatively shorter than in Notocetus and longer 
than in Prosqualodon. It is also longer than in Waipatia.
Adjacent to the anterior spine is a prominent antero-lateral notch and concavity 
(sensu Muizon 1987, 1991). These characters are also seen in Prosqualodon and 
Notocetus (Muizon 1987, 1991), but not in Waipatia (Fordyce 1994).
The involucrum is almost symmetrical, as noted by Muizon (1991) in S. 
bariensis. The dorsal margin is more convex in Notocetus (Muizon 1991). As in Waipatia 
(Fordyce, 1994), the tympanic cavity does not appear to encroach on the involucrum.
Also as in Waipatia, there are a number of coarse striations on the dorsal margin of the 
involucrum that wrap around to the inner face. Fordyce (1994) interpreted these striations 
as being associated with the peribullary sinus tissues.
In lateral view there are well-developed sigmoid and unciform processes, both of 
which are expanded at the tips. The sigmoid is better developed than the unciform. The 
conical process is separated from the posterior process by a wide gap, as in Waipatia 
(Fordyce 1994). The gap between the unciform and sigmoid continues along the lateral 
side as the lateral groove.
The posterior process articulates with both the petrosal and the squamosal, a 
condition also found in all the other members of Platanistoidea and considered by Muizon 
(1991) to be primitive. A character apparently unique to Squalodontidae is that the 
posterior process is spongy and may fuse to the squamosal. This feature is absent in the 
Platanistidae and Squalodelphidae (Muizon, 1991), and in Waipatia (Fordyce, 1994).
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AFigure 3.16. Squalodon calvertensis. USNM 22902, left mandible. A. lateral, B. medial, 
C. dorsal. Scale = 10 cm.
Figure 3.17. Squalodon calvertensis. USNM 498742, left mandible. A. medial, B. 
lateral. Scale = 10 cm.
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Figure 3.18. Squalodon calvertensis. USNM 25910, left mandible. A. medial, B. lateral, 
C. dorsal. Scale = 1 0  cm.
Figure 3.19. Squalodon calvertensis. USNM 449606, left mandible. A. lateral, B. 
medial, C. dorsal. Scale = 10 cm.
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Mandible
No complete S. calvertensis mandible is known, but there are several partial 
ones, including USNM 22902 (Figure 3.16), USNM 498742 (Figure 3.17), USNM 
25910 (Figure 3.18), USNM 449606 (Figure 3.19) (all left), USNM 10484 (Figure 
3.20), USNM 25946 (Figure 3.21) (both right), USNM 183055 (Figure 3.22), and 
USNM 498743 (Figure 3.23) (left and right). There are also numerous less useful 
fragments, including the holotype.
The mandibular symphysis is long, extending back to about the 11th or 12th tooth 
(the seventh post-canine). While no complete dentition in known, it appears that the tooth 
count was the same as for the maxillae. The anterior teeth are procumbent and angled 
outward, being more vertically oriented posteriorly (especially visible in USNM 
498742[Figure 3.17]). The alveolae are well separated from each other, except for the 
anteriormost and posteriormost teeth, where the alveolae tend to be connected into 
grooves. As mentioned above, the mandible tends to curve upward, as does the rostrum.
The dorsal margin of the mandible curves smoothly up to a rather high coronoid 
process. The transition on the dorsal margin is more abrupt than in Waipatia. The “pan 
bone” (as used by Fordyce, 1994) is inflated, as in Waipatia, and encloses a large 
mandibular foramen. The pan bone seems rather thick in comparison to those of modem 
odontocetes. The condyle is surprisingly small and is triangular in shape. It is concave on 
both sides.
There is some variation in the relative sizes of the mandible and alveolae. In 
USNM 449606 and USNM 25946, the alveolae are rather large and rounded, reminiscent 
of the large squalodont (USNM 183023, USNM 23024), but these specimens are still 
much smaller than USNM 183023.
Teeth
No complete squalodont dentition is known. There is, however, enough 
overlapping material to suggest certain details about the teeth. Good partial dentitions are
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Figure 3.20. Squalodon calvertensis. USNM 10484, holotype, right mandible, Lateral 
view. Scale = 10 cm.
Figure 3.21. Squalodon calvertensis. USNM 25946, right mandible. A. lateral, B. 
medial, C. dorsal. Scale = 10 cm.
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Figure 3.22. Squalodon calvertensis. USNM 183055, mandibles. A. right medial, B. 
right lateral, C. left medial, D. left lateral. Scale = 10 cm.
Figure 3.23. Squalodon calvertensis. USNM 498743, mandibles. A. left lateral, B. left 
dorsal, C. right lateral, D. right dorsal. Scale = 10 cm.
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known in particular for USNM 10484 (Figure 3.24), USNM 328343 (Figure 3.25), 
USNM 183055 (Figure 3.26), USNM 214644 (Figure 3.27), USNM 187315 (Figure 
3.28) and USNM 498743 (Figure 3.29). Squalodon calvertensis appears to have three 
incisors, one canine, and 12 post-canine teeth, in both the upper and lower jaws. The 
count appears to be consistent among different animals, and the large squalodont species 
has the same tooth count.
Kellogg (1923) was of the opinion that of the 12 post-canine teeth, the first five 
were premolars, the remaining seven being molars. If one examines only USNM 10484, 
this seems a reasonable interpretation, since the teeth posterior to the fifth post-canine 
alveolus are distinctly double-rooted. However, there is considerable variation in the 
location of the first double-rooted tooth. Many specimens have teeth among the first five 
post-canines in which there are clearly two roots tightly fused for their entire length, with 
a corresponding alveolus that appears to be for a single-rooted tooth. Roots may be fused 
as far posteriorly as the sixth or seventh post-canine, or may be partly separated as far 
anteriorly as the third or fourth. It thus seems that the degree of root fusion is mostly due 
to individual variation. Because of these difficulties, and as pointed out by Rothausen 
(1968a) and Fordyce (1994), it is impossible to match squalodont post-canine teeth with 
those of archaeocetes or non-cetacean mammals. Even though efforts have been made to 
classify squalodonts based on these features, most notably by Rothausen (1968a), it 
appears that squalodont tooth morphology is too variable to be of use in species-level 
taxonomy (Mchedlidze, 1976; Muizon, 1991).
Squalodontidae are notoriously conservative, and there is little change in their 
overall morphology throughout their temporal range. However, the teeth do appear to 
show some trends over time. There is one isolated Late Oligocene tooth (USNM 23546) 
that can probably be assigned to the Squalodontidae. This post-canine tooth has a distinct 
third root, which is fused to the other two roots. Later squalodonts tend to have no 
remnant of the third root. This tooth also has four anterior and five posterior accessory
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m
Figure 3.24. Squalodon calvertensis. USNM 10484, holotype, teeth. Scale = 10 cm.
i
%
Figure 3.25. Squalodon calvertensis. USNM 328343, teeth. Scale = 10 cm.
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Figure 3.26. Squalodon calvertensis. USNM 183055, teeth. Scale = 10 cm. 
Figure 3.27. Squalodon calvertensis. USNM 214644, teeth. Scale = 10 cm.
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denticles. Later specimens usually have a reduced number of denticles; in fact there is 
usually only one, if any, on the anterior margin, and rarely more than three on the 
posterior margin. Again there is considerable variation. For example, USNM 23537, 
from Calvert Formation “Zone 6”, has a tenth upper post-canine with three anterior and 
Five posterior denticles, while USNM 498743, from “Zone 12-14” and thus one of the 
latest squalodonts from North America, has teeth with as many as two anterior and four 
posterior denticles, and even some with tiny remnant third roots. Cetaceans seem to be 
particularly prone to atavisms, and so this should not be unexpected. In spite of these 
aberrant specimens, the overall trend is toward reduction in the number of denticles, 
especially anteriorly, and loss of the third, and to a lesser extent second roots.
Squalodont tooth crowns are quite distinctive when compared to those of other 
primitive odontocetes, and a complete crown is probably sufficient for identifying the 
family. There is some individual variation in the degree and type of ornamentation, but all 
the S. calvertensis specimens share certain features. The enamel on the post-canine teeth 
is heavily ornamented with fine ridges, which extend more or less toward the tip of the 
crown. The individual ridges up to 5 mm long. Toward the base of the crown, the 
ornamentation is more in the form of bumps and knobs. This texturing does not extend to 
the accessory denticles, and the apex of the crown is usually free. The ornamentation 
becomes finer on the anterior teeth, but it is still present even on the incisors. When not 
reworked, the crowns are serrate, and sometimes even the accessory denticles are serrate.
The post-canine crowns are almost always triangular, with the height-to-length 
ratio decreasing posteriorly. For example, in USNM 25910, the lower left eighth, ninth, 
and eleventh buccal teeth have ratios of 1.2, 1.0, and 0.7, respectively. The teeth are 
often gently recurved. The incisors are nearly circular in cross section, and very large 
(length about 10% of the overall skull length). The crowns still have a slightly serrate 
cutting edge. As mentioned above, the incisors are procumbent, with the first pointing
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Figure 3.28. Squalodon calvertensis. USNM 187315, teeth. Scale = 10 cm.
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Figure 3.29. Squalodon calvertensis. U SN M  498743, teeth. Scale = 10 cm.
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almost directly anteriorly, and the posterior teeth progressively directed more laterally and 
ventrally. This is also the case in at least the mandible of Kelloggia (Mchedlidze, 1976).
Other primitive odontocetes have teeth that show some, but not all of these 
features. For example, Saurocetus gibbesii is based on a post-canine tooth that is recurved 
and triangular.but its ornamentation consists of a small number of long, low ridges that 
extend all the way from the base of the crown to the tip. Waipatia maerewhenua has a 
dentition reminiscent of Squalodon, even including large, procumbent incisors. It 
appears, however, that the intense ornamentation in this species is restricted to the 
proximal 1/3 of the tooth. Waipatia is also a small whale, reaching about 1/2 the length of 
the smallest known S. calvertensis, with correspondingly small teeth.
Sternum
The only S. calvertensis sterna from North America are two fragments, from 
USNM 175382 and USNM 22902. Even though they are poorly preserved, certain 
features are visible. The bone is quite thin for its size, only 8 mm thick, which is just 1/20 
of the preserved length. There are still three rib articulations distributed along one side of 
the sternum. The only other squalodont sternum known is from USNM 183023, the 
undescribed large squalodont. This specimen is different from the preserved portion of 
USNM 175382. It is much thicker and T-shaped, and while there are still three rib 
articulations on each side, they are concentrated at each end of the cross of the “T,” rather 
than distributed along the length of the side as in S. calvertensis.
The differences in these three specimens suggest that Squalodon possessed a 
multi-element sternum, with the fragment from USNM 183023 representing the first 
element. A multi-element sternum is consistent with the condition found in modem 
odontocetes.
Forelimb
There is little forelimb material known for S. calvertensis. The best specimens are 
USNM 22902, which consists of most of the left forelimb, and USNM 498740, which is
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Figure 3.30. Squalodon calvertensis, tooth. USNM 23546, posterior tooth probably from 
the Oligocene Old Church Formation. A. lateral, B. lingual. Scale = 5 cm.
Figure 3.31. Squalodon calvertensis. Sternum fragments. A. USNM 22902, B. USNM 
175382, both in dorsal view. Scale = 10 cm.
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a portion of the right (Figure 332). The overall shape and proportions of the forelimb are 
similar to those of Kelloggia barbarus (Mchedlidze, 1976). The known S. calvertensis 
scapulae (associated with other material) are USNM 22902, USNM 498743 (both left), 
and CMM-V-208 (right) (Figure 3.33). CMM-V-900 (right) is an isolated scapula from 
some platanistoid (sensu Muizon 1994); the size and shape are consistent with S. 
calvertensis but a definite referral is not possible. The corocoid is greatly reduced or 
absent in all three specimens, and the supraspinatus fossa is reduced and poorly defined 
(but not absent). These features were used by Muizon (1991, 1994) as a synapomorphy 
of the Platanistoidea, including the Squalodontidae. The acromion on USNM 22902 is 
bent down distally, and greatly expanded at the tip. The shape of the preserved part of the 
scapula suggests that the missing portion was very large.
The squalodont humerus is quite distinctive. There are several specimens known, 
including three from the left side and two from the right (Figure 3.34). The humerus is 
shortened compared to archaeocetes such as Basilosaurus, but not as much as in modem 
odontocetes such as Tursiops. The head of the humerus is distinctly oval in shape; this 
appears to be a feature unique to Squalodon, although it is unclear whether or 
notKelloggia shows a similar shape. The radius and ulna fit tightly against the distal 
humeral articulation, so that movement at this joint was probably greatly restricted.
Several ulnae are also preserved, including two from the left side and four from 
the right (Figure 3.35). One of these (USNM 187408, Figure 3.35-C) has an olecranon 
somewhat different in shape from the other five specimens, and this element is only 
tentatively referred to S. calvertensis. Kellogg (1923) was of the opinion that the distal 
articular surface indicated that the flipper was capable of considerable movement. The 
ulna is flatter than in Tursiops. The olecranon process is quite large and, as with the 
humerus, the proportions of the shaft are intermediate between archaeocetes and modem 
odontocetes. Distally, the humerus articulates with the radius, intermedium, ulnare, and 
pisiform.
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Figure 3.32. Squalodon calvertensis. Forelimbs. A. USNM 22902, left, B. USNM 
498740, right. Both lateral view. Scale = 10 cm.
Figure 3.33. Squalodon calvertensis. Scapulae. USNM 22902, left, A. lateral, B. medial. 
USNM 498743, left, C. lateral, D. medial. CMM-V-208, right, E. lateral, F. medial. 
CMM-V-900, right, G. lateral, H. medial. Note that CMM-V-208 and CMM-V-900 may 
represent non-squalodont platanistoids. Scale = 10 cm.
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Figure 3.34. Squalodon calvertensis. Humeri. USNM 328343, right, A. medial, B. 
lateral, C. dorsomedial. D. USNM 22902, left, dorsomedial. E. USNM 498743, left, 
dorsomedial. F. USNM 498740, right, lateral. G. USNM 454777, left, dorsomedial. 
Scale = 10 cm.
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Figure 3.35. Squalodon calvertensis. Ulnae, radii, and phalanges. A. USNM 10484, 
holotype, right ulna. B. USNM 498740, left ulna (top) and radius (bottom). C. USNM 
187408, right ulna. D. USNM 498741, right ulna. E. USNM 22902, left ulna with fused 
pisiform (top) and radius (bottom). F. CMM-V-208, right ulna with fused pisiform. G.-I. 
CMM-V-208 phalanges. J. CMM-V-208, right radiale. Scale = 10 cm.
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Two of the preserved ulnae (USNM 22902 and CMM-V-208) have a pisiform 
bone fused to the distal end. The other three ulnae have articulations for the pisiform, but 
no unfused examples of this bone are known. The preserved pisiforms are large (about 
1/3 the length of the entire ulna) and roughly triangular in shape.
Two radii are known, one left and one right. This bone is oval in cross section, 
and relatively stout, as is typical of cetaceans. Distally the radius has a small triangular 
articulation for the humerus, and it also articulates with the radiale and intermedium. 
These two articulations are divided by a sharp ridge.
Other limb elements are preserved in only one specimen, USNM 22902. All five 
carpals are present and unfused. They are all similar in size, between 32 and 43 mm 
across. The intermedium is hexagonal, while the others are pentagonal. The intermedium 
does not articulate with any digit, but the other four carpals each articulate with at least 
one digit.
Metacarpal I is small (less than half the length of the other metacarpals) and 
articulates only with the radiale. It supports only one small phalanx. Metacarpal II 
articulates with the magnum, as does Mill. MIV is the most massive and longest 
metacarpal, and articulates with the unciform. MV articulates with the ulnare and 
unciform. Mill, MIV, and MV are the longest and stoutest metacarpals, each being about 
25% larger than Mil and 60% larger than MI. In addition to the phalanx associated with 
MI, six other phalanges are known from this specimen, but they cannot be definitely 
assigned to a particular digit.
Cervical vertebrae
The cervical vertebrae of S. calvertensis are distinctly compressed antero- 
posteriorly, and are all unfused. No single complete sequence is known.
Three 5. calvertensis atlases are known (USNM 22902, USNM 175382, USNM 
498743) (Figure 3.36). In overall shape the atlas is similar to that of Eurhinodelphis, but 
considerably larger. The neural spine is low and rounded, in contrast to that of the large
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Figure 3.36. Squalodon calvertensis. Atlases. USNM 22902, A. anterior, B. right lateral. 
USNM 175382, C. anterior, D. right lateral. USNM 498743, E. anterior, F. right lateral. 
Scale = 10 cm.
Figure 3.37. Squalodon calvertensis. Axes. A. USNM 498742, B. USNM 328343, C. 
CMM-V-208, all anterior view. Scale = 10 cm.
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Figure 3.38. Squalodon calvertensis. Cervical vertebrae. A.-E. CMM-V-208. F.-G. 
USNM 328343. H. USNM 22902. I.-K. USNM 498743. L.-N. USNM 23537. A, F, I, 
L - third cervical. B, G - fourth cervical. C - fifth cervical. D, H, J, M - sixth cervical. E, 
K, N - seventh cervical. All anterior view. Scale = 10 cm.
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squalodont (USNM 183023). Also in contrast to USNM 183023 and Eurhinodelphis, the 
parapophysis and diapophysis in S. calvertensis are widely separated from each other; in 
the other forms these two processes are connected by a continuous ridge of bone. Both 
species have a small hypapophysis with a rugose projection on its posterior margin.
Three S. calvertensis axes are known (USNM 328343, USNM 498742, CMM-V- 
208) (Figure 337). These have a long and relatively pointed odontoid process compared 
to the large squalodont (USNM 183023). In both species there is a long and robust neural 
spine, which is angled back and expanded laterally and thickened at the tip. In S. 
calvertensis the diapophyses are small and point forward at a 45° angle; in the large 
species they are relatively larger and point laterally. The dorsal margin of the 
parapophysis is smoothly concave in S. calvertensis, while in the large species it is 
convex at the tip.
The remainder of the cervical series (Figures 3 3 8  and 3.40) consists of distinctly 
flattened centra, with varying degrees of fusion between the diapophyses and 
parapophyses. Several specimens are known, including 4  of Ce3, 2 of Ce4, 1 of Ce5, 2 
of Ce6, and 4 of C el, plus two more that could be either Ce5 or 6 (the best series are 
from CMM-V-208, USNM 22902, USNM 23537, and USNM 328343). The third 
cervical has a broad sheet of bone connecting the parapophysis and diapophysis, but with 
no obvious vascular sinus. Ce3 also has a bifurcate hypapophysis in both specimens.
This is not the case in the large species.
The fourth through sixth cervicals are all similar to each other. They differ from 
Ce3 mainly in having well-developed vascular sinuses, while the bony connection 
between the diapophysis and parapophysis is reduced. This reduction becomes more 
pronounced posteriorly. The parapophyses are stout, with massive bases, and are 
expanded at the dps.
The seventh cervical is rather different from the other six cervicals. The centrum is 
still distinctly shortened, but not to the same degree as in Ce6. The centrum is also
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compressed dorso-ventrally. There are no parapophyses or hypapophysis. The 
diapophyses are long and thin in three of the four known specimens, and directed ventro- 
laterally. The fourth specimen, CMM-V-208, has the diapophyses directed in the same 
fashion, but they are more massive, and expanded somewhat at the tips.
Thoracic vertebrae
The thoracic series is not as well known as the cervical series in S. calvertensis, 
but several partial series are known (USNM 23537, USNM 22902, CMM-V-208) 
(Figures 3.39 and 3.40). There are 11 vertebrae in this section of the column, with 
USNM 183023 (from the large species) having portions of all 11 preserved. Kellogg’s 
(1923) suggestion that there were more than 11 thoracics was based on the incomplete 
type specimen. Judging from specimen labels written by Kellogg after 1923, he revised 
this opinion as more specimens became available. No S. calvertensis specimen has such a 
complete sequence preserved, but a composite series can now be constructed.
The first seven thoracics have rib articulations at the tips of diapophyses. The base 
of the diapophysis is attached to the top of the neural arch in T l, and in more posterior 
vertebrae the base is progressively lower on the neural arch until in T7 it is attached at the 
base of the neural arch. Starting with T8 the rib articulation is situated on a parapophysis, 
which is attached at the top of the centrum. This also is progressively lower down 
posteriorly, until in T l 1 the base of the parapophysis is halfway down the centrum.
The centrum of T l is similar in shape to Ce7, but it is 20% longer. The top of the 
neural arch is a broad plate, as large as the centrum in dorsal view. T l in the large species 
(USNM 183023) has a spine pointing anteriorly from the tip of the diapophysis which is 
lacking in S. calvertensis (USNM 23537). In T2, this spine is present in both species (in 
USNM 23537 it is missing, but the broken base for the spine is clearly visible). In both 
species, the T l diapophyses is angled down sharply, but in T2 to T4 they are horizontal 
and in T5 to T7 they are angled dorsally.
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AFigure 3.39. Squalodon calvertensis. Thoracic vertebrae. A - CMM-V-208. D, F, H, N, 
O, P - USNM 22902. J. USNM 328343. B, C, E, G, I, K, - USNM 23537. L, M - 
USNM 10484, holotype. A, B - first thoracic. C - second thoracic. D, E - third thoracic. 
F, G - fourth thoracic. H, I - fifth thoracic. J, K - sixth thoracic. L - seventh thoracic. M - 
eighth thoracic. N - ninth thoracic. O - tenth thoracic. P - eleventh thoracic. All anterior 
view. Scale = 10 cm.
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As mentioned above, in T8 the transverse process is found near the top of the 
centrum instead of on the neural arch. T9 to T l 1 are similar to the lumbar series, and as 
the parapophyses are usually damaged, the main distinguishing feature is the prominent 
hypapophysis on the lumbars, which is lacking on all the thoracic vertebrae.
Neural spines are almost always absent from these vertebrae. When present they 
are quite tall and are angled posteriorly. In the posterior thoracics and lumbars they tend to 
be expanded antero-posteriorly at the tips, probably to increase the attachment area for 
swimming muscles.
Lumbar vertebrae
Little is known of the S. calvertensis lumbar series. USNM 23537 has two 
lumbars preserved, and LI and L2 are preserved in USNM 22902. Three poorly 
preserved, probable lumbars are associated with the holotype (USNM 10484) (Figure 
3.41). In addition, there are isolated remains that have been referred to S. calvertensis, 
most notably USNM 449563 which includes three lumbars. Unfortunately, cetacean 
lumbar vertebrae are so generalized that even though USNM 449563 is completely 
consistent with S. calvertensis, its referral to that species can only be tentative.
The large species (USNM 183023) has what appears to be a complete lumbar 
series consisting of six vertebrae. Each has tall neural spines that are angled posteriorly, 
wide thin parapophyses, and a prominent hypapophysis. These features are also seen in 
the available S. calvertensis specimens.
Caudal vertebrae
No definite S. calvertensis caudal vertebrae are known; the only specimen which 
can even tentatively be referred to this species is a first caudal from USNM 449563, 
mentioned above with respect to the lumbar series. Even USNM 183023, which is easily 
the best known squalodont postcranial skeleton, includes only six caudals that do not 
form a continuous series. The first caudal of both USNM 183023 and USNM 449563 are 
similar to the lumbars, the primary difference being the bifurcation of the hypapophysis
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Figure 3.40. Squalodon calvertensis. Vertebral columns. A. USNM 23537, Ce7-T6, left 
lateral view. B. CMM-V-208, Ce2-T6, dorsal view. Scale = 10 cm.
Figure 3.41. Squalodon calvertensis. Lumbar vertebrae. A-C - USNM 10484, holotype. 
D, E - USNM 22902, D. first lumbar, E. second lumbar. F, G - USNM 23537. All 
anterior view. Scale = 10 cm.
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posteriorly to form articulations with the chevrons. The other caudals form USNM 
183023 indicate that well-developed chevrons are present well back along the caudal 
series.
A single chevron, associated with USNM 22902, is preserved (Figure 3.42). It 
has a large articulation, and the keel is long and saddle-shaped. It is similar to an isolated 
chevron associated with USNM 183023.
Ribs
No complete rib cage is known, but there are several partial ones (USNM 10484, 
USNM 22902, USNM 498743, CMM-V-208) (Figures 3 .43,3.44,3.45, 3.46, 
respectively) as well as isolated ribs associated with various specimens. USNM 10484 
includes a right anterior rib, probably the first one. This rib is rather short and broad for 
its size, and is flattened and expanded distally. This is a typical shape for the first rib in 
cetaceans. There are two proximal articulations, as is indicated by the anterior thoracic 
vertebrae. There is no obvious sternal articulation, but the tip of the rib is not preserved. 
USNM 498743 includes a probable left second rib, which is still flattened but is longer 
and less curved than the first rib in USNM 10484. A possible third left rib is preserved in 
USNM 175382 (Figure 3.47), and it reflects an anterior-to-posterior progression toward 
longer, straighter, and less flattened ribs. While the thoracic vertebrae suggest that 
approximately the first seven ribs have two articulations, the most ribs of this type 
preserved in any one specimen is five (in USNM 10484). The longest rib (possibly the 
fourth) of USNM 10484 measures approximately 32 cm in a straight line, and 
approximately 48 cm around the outside edge. A rib from about the same position in 
USNM 23537 (Figure 3.48) is 31 cm in a straight line, and 45 cm around the margin. In 
the much larger CMM-V-208 the longest preserved rib measures 41 cm in a straight line, 
and 57 cm around the margin.
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Figure 3.42. Squalodon calvertensis. Chevron. USNM 22902, first chevron, left lateral 
view. Scale = 10 cm.
Figure 3.43. Squalodon calvertensis. Ribs. USNM 10484, holotype. Scale = 10 cm.
Figure 3.44. Squalodon calvertensis. Ribs. USNM 22902. Scale = 10 cm.
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Figure 3.45. Squalodon calvertensis. Ribs. USNM 498743. Scale = 10 cm
Figure 3.46. Squalodon calvertensis. Ribs. CMM-V-208. Scale = 10 cm.
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Figure 3.47. Squalodon calvertensis. Ribs. U SN M  175382. Scale =  10 cm.
Figure 3.48. Squalodon calvertensis. Ribs. USNM 23537. Scale = 10 cm.
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Discussion
There have been attempts by some workers, particularly Muizon (1991, 1994), to 
develop a list of apomorphies for the Squalodontidae. Characters suggested by Muizon 
(1991) are:
1) an increase in the size of the anterior teeth relative to more primitive cetaceans, and 
medial incisors that lie horizontally; and 2) reduction of the lateral lamina of the pterygoid 
hamulus.
It appears that character 1 is not unique to Squalodontidae, but also is found in 
Waipaitiidae and possibly in other groups as well. Thus the following characters are 
suggested as Squalodontidae apomorphies: 1) a spongy posterior process of the tympanic 
bulla; 2) reduction of the lateral lamina of the pterygoid hamulus (as in Muizon, 1991, 
1994); 3) an upturned anterior skull and mandible; 4) an oval rather than circular humeral 
head; 5) incisors that are circular in cross section and straight with serrate edges; 6) an 11 
alveolus that lies directly dorsal to 12; and 7) teeth that are serrate with heavily ornamented 
enamel from the base to the apex, increasing on posterior teeth, with ornamentation 
consisting of short ridges, running toward the apex, each ridge extending approximately 5 
mm or less.
This list of apomorphies, most of which have been identified in both North 
American and European specimens, suggests that Squalodontidae sensu Muizon (1991) is 
monophyletic. Species-level taxonomy within the Squalodontidae is unfortunately much 
more difficult. Squalodonts are a conservative group, and the differences between species 
are small.
There are reliable characters separating S. calvertensis from the large species, which 
will be discussed in detail in Chapter 4. As mentioned earlier in this paper, however, S. 
calvertensis and S. bariensis are very similar to each other in even small details of their 
anatomy. The following characters are suggested to distinguish the two species:
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1) the temporal fossae more completely covered by the maxillae in S. calvertensis; and 2) 
the rostrum in S. calvertensis relatively longer and narrower than in S. bariensis.
These characters are limited at best, and there is a possibility that S. bariensis and S. 
calvertensis are conspecific. An evaluation of the relationship between these two species 
will have to await a more detailed description of available S. bariensis specimens.
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CHAPTER 4. A NEW SPECIES OF SQUALODON (MAMMALIA, CETACEA) FROM 
THE MIDDLE MIOCENE CALVERT FORMATION, MIDDLE ATLANTIC COASTAL
PLAIN OF NORTH AMERICA
Introduction
The Atlantic coastal plain of North America has for many years produced the 
remains of large squalodonts, and a number of species were described from the 1850's to 
the 1920's. These include the still problematic Squalodon atlanticus (Leidy, 1856; Cope, 
1867) and Saurocetus gibbesii (Agassiz, 1848), which are, unfortunately, based only on 
teeth, making it difficult to determine their affinities. Saurocetus gibbesii was based on a 
single tooth, probably from the Oligocene deposits of South Carolina. It is a posterior 
tooth, apparently with two roots, but different in appearence from any Squalodon tooth. 
Squalodon atlanticus was based on three teeth from the Miocene Calvert Formation. 
Kellogg (1923) stated that Squalodon calvertensis and S. atlanticus were quite different, 
but more recently discovered S. calvertensis material indicates that S. atlanticus is very 
similar to S. calvertensis when the full range of morphology of the latter species is 
considered. Unfortunately, squalodont tooth morphology seems to be so variable that 
identification of species based on teeth alone is not possible, except in unusual 
circumstances.
The first reasonably good material from one of these large specimens to be 
assigned a name was a partial rostrum from the phosphate beds of South Carolina, named 
Squalodon tiedemani by Allen (1887). The recognition of this species was of some 
importance, as S. tiedemani remains one of the largest non-physeterid odontocetes in the 
Oligocene, which makes it of particular ecological interest. Kellogg (1923), in his review 
of the Squalodontidae, was unable to decide whether S. tiedemani was closer to the 
squalodonts or the archaeocetes because of the holotype’s large size and lack of preserved 
posterior teeth. In the same paper he mentions the remains of a large squalodont from 
Maryland, but wisely refrained from naming the material because of the poor preservation
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(a single maxillary tooth). He did, however, describe S. calvertensis, based on a skull, 
mandible, and limited postcranial material, from the Calvert Formation of Maryland. S. 
calvertensis remains the only North American squalodont species based on a skull; the 
limited material makes taxonomic studies of the family difficult.
Since Kellogg's review, most new material from large squalodonts has been 
referred (at least on specimen labels) to S. tiedemani, in spite of its indefinite status. Even 
though specimens were being referred to the species, the small amount and poor 
preservation of the material prevented any decisions on the validity or relationships of S. 
tiedemani. After 1923, S. tiedemani is only mentioned a few times in the literature, first 
when Boreske et al. (1972) tentatively refer a specimen from the Miocene phosphate beds 
of North Carolina to this species. Dooley (1991) reviewed some large squalodont remains 
and referred them to S. tiedemani. Later Muizon (1994) mentioned some of these 
specimens in an examination of squalodont relationships, and Gottfried et al. (1994) cited 
Dooley (pers. comm.) in listing S. tiedemani among the Calvert Formation cetaceans.
An important specimen in the S. tiedemani puzzle is Genus Y of Whitmore and 
Sanders (1976). Sanders (1980) described this specimen as "the largest squalodont on 
record." Genus Y is quite similar although not identical to the holotype of S. tiedemani in 
size and appearance, and its teeth are similar to the holotype tooth of Saurocetus gibbesii. 
Genus Y was found in Oligocene units near both the S. tiedemani and 5. gibbesii type 
localities. Examination of Genus Y suggests that it is not a squalodont, but a new form of 
primitive odontocete, perhaps with affinities to Agorophius (Sanders, pers. comm.)
Given their similarity to Genus Y, it is likely that neither S. gibbesii nor S. tiedemani is a 
squalodont.
In 1975, John D. Kunlo collected extensive remains of a large squalodont from 
the Miocene Calvert Formation of King George Co., Virginia. The specimen was donated 
to the National Museum of Natural History, where Frank C. Whitmore, Jr., tentatively 
referred it to S. tiedemani, and it was given the number USNM 183023. The specimen
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has not been studied in detail until now. Given the probable Oligocene age of S. gibbesii 
and S. tiedemani, and the probable non-squalodont status of Genus Y, it is reasonable to 
designate the King George Co. squalodont as the holotype of a new species.
This paper is part of a badly needed review of the North American squalodonts. 
The primary goal is the description of USNM 183023. This includes the compilation of a 
list of species-level characters distinguishing the new squalodont from S. calvertensis, the 
only other well-known North American squalodont. In addition to describing this 
specimen, I searched the USNM and the Calvert Marine Museum (CMM-V) Squalodon 
collections to try to locate other specimens of the new squalodont.
Abbreviations
USNM = National Museum of Natural History, Washington
AMNH = American Museum of Natural History, New York
CMM-V = Calvert Marine Museum Vertebrate Collections, Solomons, Maryland
ANSP = Academy of Natural Sciences of Philadelphia
MCZ = Museum of Comparative Zoology, Harvard University, Cambridge
SYSTEMATIC TAXONOMY 
Order CETACEA Linneaus, 1758 
Suborder ODONTOCETI Flower, 1867 
Family SQUALODONTIDAE Brandt, 1873 
Genus Squalodon Grateloup, 1840 
Species Squalodon whitmorei n. s.
Type specimen
USNM 183023. Specimen consists of an imperfect skull (lacking the braincase, part of 
the left frontal, parts of both maxillae, most of the right side of the rostrum, and 
the occipital condyles); the proximal half of the left mandible, parts of ten teeth, 
the sternum, portions of 29 vertebrae, and rib fragments.
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Locality: Virginia, King George Co., at N. of Mason Mill Pond, the head of Machodoc 
Creek, 60 ft. above sea level, 1.6 miles N Edgehill (King George Quadrangle, 
7.5' series).
Unit: Calvert Formation, Zone 3a (Burdigalian).
Collector: John D. Kunlo, 1975.
Referred specimens
USNM 424070. An isolated skull, lacking the anterior tip of the rostrum and the left 
zygomatic process.
Locality: Virginia, King George Co., halfway between Machodoc Creek and Rosier
Creek, 18" above base of cliff on Florance Property. Dahlgren 7.5' quadrangle,
38° 17' 35" N 77° 2' W.
Unit: Calvert Formation, Zone 3a (Miocene - Burdigalian).
Collector: S. Thompson et. al, 1991.
USNM 181575. Partial rostrum and mandibles with several broken teeth.
Locality: North Carolina, Lee Creek Mine, Beaufort Co.
Unit: Pungo River Fm. (Miocene - Burdigalian).
Collector: W. R. Walker, 1968.
USNM 23024. A fragment of a right mandible with a nearly complete second molar. 
Locality: Virginia, King George Co., at Cleveland Grigsby's Bristol Farms, Rollins 
Fork, Rappahannock River.
Unit: Unknown. Possibly Calvert Fm., Zone 3a (Miocene-Burdigalian).
Collector: James B. King, 10 August, 1939.
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USNM 10694. A mandible or maxillae fragment with a nearly complete tooth that appears 
to be the second molar. Kellogg (1923) described and figured this fragment, but 
did not name it. Other large squalodont material mentioned by Kellogg (USNM 
10695) is probably S. calvertensis.
Locality: Maryland, Calvert Co., one mile south of Chesapeake Beach near latitude 38°
40' and longitude 76° 32', Patuxent Quadrangle.
Unit: Found in freshly fallen talus that was apparently from Bed 10, Calvert Fm.
(Miocene - Burdigalian).
Collector: David B. Mackey, 4  July, 1908.
CMM-V-182. A partial left mandible with alveoli for four premolars and all seven molars. 
As in USNM 23024 and USNM 10694, the roots for the second molar are not 
fused.
Locality: Maryland, Charles Co.?, 12' 4" above the Eocene contact.
Unit: "Pope Creek Sand," Calvert Fm., Zone 3a. (Miocene - Burdigalian).
Collector: Not recorded. 27 April, 1985.
Tentative referrals
USNM 181643. A right tympanic bulla. There are no tympanic bullae associated with any 
material which can be identified as S. whitmorei. This specimen is very similar to 
the tympanic bulla of S. calvertensis, but it is much larger, about the size one 
would expect in USNM 183023.
Locality: Virginia, King William Co., Mill Pond Creek (Gravitt's Mill Pond),.
Unit: Calvert Fm., Zone 12-14 (Miocene - Langhian).
Collector: Lauck W. Ward, 1969.
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USNM 181644. A right tympanic bulla that is very similar to USNM 181643.
Locality: North Carolina, Beaufort Co, Lee Creek Mine, in residue pumped to the mill. 
Unit: Pungo River Fm. (Miocene - Burdigalian).
Collector: J.W. Crawford, date unknown.
Diagnosis
Skull approximately twice as large as in S. calvertensis. Compared to S. 
calvertensis, the alveolar gutter ends relatively closer to the antorbital notch; glenoid fossa 
more prominent; postglenoid process rounded and not as strongly developed; roots of 
anterior buccal teeth much more circular in cross section; coronoid process of mandible 
relatively much larger; diapophysis and parapophysis form a continuous ridge on the atlas 
rather than being separate; on axis, proximal half of parapophysis concave and distal half 
convex rather than concave over its entire length; second thoracic vertebra centrum longer 
relative to its height; anterior spine on diapophysis of T1 which is absent in S. 
calvertensis; hypapophysis on Ce3 not bifurcate as it is in S. calvertensis; roots are larger 
relative to crown, with the widest part of the tooth always well below the base of the 
crown instead of at the base of the crown.
Etymology
The species is named for Dr. Frank C. Whitmore, Jr., of the U. S. Geological 
Survey, in honor of his extensive research on fossil whales and his support of budding 
paleontologists.
Locality data
USNM 183023 was collected at the north end of Mason Mill Pond, in King 
George Co., Virginia (King George 7.5' quad). The outcrop shows two distinct beds. 
The lower is a dark green sandy clay, with numerous casts of mollusks, especially 
bivalves. This is consistent with the lower Eocene Woodstock Member of the Nanjemoy 
Formation, based on Ward (1992).
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Unconformably overlying the Nanjemoy is a lag deposit approximately 0.3-1.0 m 
thick, containing reworked gastropods and shark teeth, as well as quartz and phosphate 
pebbles.
Immediately above the lag is a white to pinkish sand with some clay, 
approximately 2m thick. The appearance and geographic position suggest the Calvert 
Formation, Zone 3a (“Popes Creek Sand” of Gibson, see Ward, 1984), which is 
Burdigalian (Middle Miocene) in age, based on Ward (1992). Sediment adhering to 
USNM 183023 indicates that it came from the sandy layer. Material associated with 
USNM 183023 included the following: from small odontocetes, six vertebrae, two 
periotics, an epiphysis, a supraorbital plate of the frontal, and various other skull and rib 
fragments; from mysticetes; two vertebrae. Also associated were teeth from the sharks 
Odontaspis and Isurus. In a visit to the site in 1990, the sand layer yielded more shark 
teeth from the two genera mentioned above and a fragment of turtle carapace.
Description
Skull-Dorsal view
Skull material includes USNM 183023 (Figure 4.1), USNM 424070 (Figure
4.2), and USNM 181575 (Figure 4.3).The rostrum is long (67% of the total skull 
length), as in S. calvertensis. The narrowest point is just anterior to the middle of the 
rostrum, about the level of the fifth or sixth tooth counting posteriorly. The premaxillae 
fail to meet dorsally. Distally, the premaxillae form the floor of the mesorostral gutter; 
proximally, the vomer also contributes, although it is not clear to what extent. The 
dorsolateral margins of the gutter are formed by the overhanging premaxillae. The 
rostrum is flared at the distal end; Muizon (1991, 1994) suggested that this is a 
synapomorphy of the Squalodontidae.
As in S. calvertensis the premaxillae become wider just anterior to the 
premaxillary foramina. In contrast to the holotype of S. calvertensis, they reach their 
maximum width in front of the mesethmoid just anterior to the front of the nasal openings
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Figure 4.1. Squalodon whitmorei. Holotype, USNM 183023, skull. A. dorsal. B. 
ventral. C. posterior. D. right lateral. Scale = 10 cm.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
in USNM 183023 (the mesethmoid is missing in USNM 424070). It should be noted, 
however, that the holotype of S. calvertensis was apparently a young individual, so that 
the mesethmoid possibly was not ossified for much of its length. The premaxillae are 
much narrower posterior to the nasals and have splint-like processes that are 
indistinguishable from the frontal at the vertex.
The mesethmoid in USNM 183023 is ossified to a point 72mm posterior to the 
premaxillary foramina. Posterior plates of the mesethmoid form the internal, and part of 
the posterior, walls of the nasal passages dorsally. The lateral and the posterior walls of 
the nasal passages dorsally are apparently formed by the pterygoids. Openings, 
apparently for the olfactory nerves, are present in the mesethmoid gutter and are open all 
the way into the braincase.
In this specimen and in the type of S. calvertensis, the mesethmoid does not 
extend dorsally to the level of the premaxillae. However, USNM 10484 (type of S. 
calvertensis) was apparently immature, in USNM 183023 the mesethmoid may have been 
broken, and it is lacking entirely in USNM 424070. In USNM 328343, referred to S. 
calvertensis, the median vertical plate of the mesethmoid extends dorsally to the level of 
the premaxillae. Posteriorly the vertical plate becomes much thicker, completely covering 
the posterior wall of the mesorostral gutter, and completely covers the anterior margin of 
the nasals.
There is no obvious suture between the frontals and nasals, and no medial suture 
dividing the paired bones of each. The frontal-nasal complex is a large rugose mass of 
bone that is bulged anteriorly on the midline and has irregular, but mainly antero- 
posteriorly directed, grooves and ridges. The complex is longer than wide, except along 
the posterior margin. The outline is rectangular for the anterior half, but posteriorly there 
is a strip of frontal exposed across the width of the skull. The frontals thus prevent the 
maxillae from coming into contact with the supraoccipital. The parietal does not appear to 
be exposed in dorsal view.
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Figure 4.2. Squalodon whitmorei. USNM 424070, skull. A. dorsal, B. ventral. Scale = 
10 cm.
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Figure 4.3. Squalodon whitmorei. USNM 181575, rostrum and mandibles. A. dorsal, B. 
ventral. C. right lateral. D. left lateral. Scale = 10 cm.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The anterior margin of this complex is convex, indicating that the nasals are still 
present in USNM 183023. However, no suture is visible, so an estimate of the length of 
the nasals is impossible. The nasals appear to be missing in USNM 424070.
In USNM 328343 (referred to S. calvertensis), the appearance of the frontal/nasal 
complex is remarkably similar to that in USNM 183023. There is no frontal/nasal suture, 
but the nasals are definitely present because of the mesethmoid covering them as 
mentioned previously. The complex is slightly wider than long (using the same 
measurements as above). The irregular rugose structure and anterior bulge are present. 
The posterior frontal strip is present but not as prominent as in USNM 183023, and it 
appears that both maxillae meet or nearly meet the supraoccipital. The posterior margin of 
the complex is sharply concave posteriorly. In another specimen referred to S. 
calvertensis (USNM 10695), the complex is damaged, and the suture is visible under the 
rugose surface.
As mentioned previously, in S. whitmorei the maxillae do not reach the 
supraoccipital. The right maxilla approaches it slightly more closely than the left. 
Mchedlidze (1984) stated that the maxillae reach the supraoccipital in S. calvertensis, but 
this contradicts Kellogg’s (1923) statement that they do not. My analysis of the type of S. 
calvertensis supports Kellogg's view, although the maxillae do almost reach the 
supraoccipital. In USNM 328343, an adult specimen referred to S. calvertensis, the 
maxillae are closer to the supraoccipital, so that abbreviated maxillae may to a certain 
extent be an age-related phenomenon. This is supported by Whitmore and Sanders' 
(1976) "Genus X,” a primitive odontocete from the Oligocene of South Carolina, in 
which the maxillae contact the supraoccipital only in adult specimens. However, USNM 
328343 is the only S.calvertensis specimen in which the maxilla may just touch the 
supraoccipital.
The maxillae are very wide in the frontal/nasal region, almost completely covering 
the lateral plates of the frontals. The internal margins of the maxillae are in contact with
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the frontal/nasal complex and the premaxillae. The sides of the maxillae are nearly vertical 
at the anterior margin of the nasals and from this point forward they are in contact with the 
premaxillae. There is a foramen on each side in the middle of the maxillae, at the same 
level as the anterior margin of the nasals. Anterior to these foramina, the maxillae are 
poorly preserved in USNM 183023, but in USNM 424070 they are expanded laterally, 
covering the supraorbital plates of the frontals. The frontal plate is preserved dorsally on 
the right side. The upper surface is concave, and the outer margin is rugose and rather 
weathered, suggesting that the maxillae did not cover the lateral tip of the frontal. This is 
the same condition as in S. calvertensis.
The antorbital notch of the maxilla is imperfectly preserved in both specimens, but 
it appears to be less pronounced than in the holotype of S. calvertensis. There are two 
foramina side by side just posterior to the premaxillary foramina, and two foramina 
anterior to the premaxillary foramina that are equidistant from the midline. From this point 
forward, the maxillae are broad and smooth, and gradually tapered toward the tip of the 
rostrum. The anterior margins of the maxillae are not preserved, but they appear to end 
somewhere between the third and fourth alveoli, which is consistent with USNM 23537, 
referred to S. calvertensis.
Skull-Posterior view
The posterior part of the skull is best preserved in USNM 424070. The 
supraoccipital is quite similar in shape to that of the holotype of S. calvertensis. There is a 
prominent median ridge situated vertically on the dorsal half in USNM 183023 that is not 
found in USNM 424070 or in the holotype of S. calvertensis, but which is present in 
USNM 328343 (referred to S. calvertensis). The upper third of the medial ridge is angled 
more sharply anteriorly and is quite rugose, again in contrast with S. calvertensis. The 
lambdoidal crest is prominent in both species. The occipital condyle, apart from its size, is 
identical to that in S. calvertensis. Likewise, the exoccipitals are similar to the holotype of 
S. calvertensis.
99
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Skull-Lateral view
The most noticeable feature of the skull in lateral view is the upturned anterior 
rostrum, which was also noted by Kellogg (1923) in his description of S. calvertensis, 
and which is visible in Muizon’s (1991) figures of the holotype of S. bariensis. It is not 
clear whether or not this condition is natural or produced by postmortem deformation, but 
it is present in all four specimens of S. calvertensis that I have examined in which the 
rostrum did not require restoration, as well as in both specimens of S. whitmorei. Wyman 
(1850) figured a mandible fragment from Richmond, Virginia, which may be from a 
squalodont and which is upturned at the tip, suggesting that this character is not the result 
of postmortem deformation. This condition is also seen in some S. calvertensis 
mandibles, for example USNM 22902 and USNM 401547.
Most of the rostrum is comprised of the maxillae, with the premaxillae making up 
the dorsal margin and all of the anterior portion. The alveolar gutter ends about 51 mm 
anterior to the antorbital notch in USNM 183023. This is relatively and absolutely much 
closer to the antorbital notch than in the holotype of S. calvertensis (62 mm) or in USNM 
328343 (65 mm). In USNM 424070 the alveolar gutter ends approximately 100 mm 
anterior to the antorbital notch.
The palatines apparently cover the maxillae and the vomer, and form the external 
half of the anterior border of the nasal openings. The pterygoids apparently form the 
exterior half of the posterior borders and presumably the entire lateral border as well. The 
supraorbital process of the frontal is biconcave, with a rounded preorbital process and a 
sharply downtumed postorbital process. There is a large groove for the lachrymal in both 
specimens, but the lachrymal itself is missing.
The temporal fossae are largely roofed over by the maxillae. The dorsal anterior 
portion is made up of the frontal, the dorsal posterior half by the parietal. The suture 
between the frontal and parietal is very poorly formed and irregular in USNM 183023. 
The parietal on its superior and posterior margins is fused to the supraoccipital,
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contributing to the formation of the lambdoidal crest; inferiorly it is fused to the 
squamosal.
The zygomatic processes are downtumed, convex above and concave below. The 
left is longer than the right in USNM 183023, but the tip of the right appears to be 
weathered. The tips are well rounded in both specimens.
Skull-Ventral view
The ventral side of the skull is largely missing in USNM 183023, but it is well 
preserved in USNM 424070. Most of the rostrum is formed by the maxillae. The tooth 
count is 13, C l, and 12 P/M, which is the same as in the type of S. calvertensis, as far as 
the latter is known (the anterior portion of the rostrum in USNM 10484 is not preserved). 
In USNM 23537, referred to S. calvertensis and having most of the rostrum fairly well 
preserved, the tooth count is the same as in S. whitmorei.
The alveoli for the incisors indicate that II and 12 projected straight anteriorly, the 
typical squalodont pattern according to Muizon (1991). 13 is in a relatively normal 
position, oriented down and slightly outward (judging from the posterior portion of its 
alveolus, which is all that is preserved), but 12 protrudes nearly horizontally and at about 
a 45° angle from the midline. 11 is even closer to horizontal and points nearly straight 
forward. This orientation puts at least part of the alveolus for II directly dorsal to 12.
Only the anterior portion of the left alveolus for the canine is preserved in USNM 
183023, but it appears to be nearly circular and oriented in the same manner as 13.
The anterior buccal alveolae in USNM 183023 indicate that the first three buccal 
teeth were circular in cross section, while the fourth is slightly compressed laterally, and 
the fifth circular. There is a slight trace of a ridge in the alveolus of the fifth buccal tooth 
in USNM 183023 that could have divided the remnants of two roots. This is not 
preserved well enough in other Squalodon specimens at the USNM to determine its 
presence or absence. The first five buccal alveolae all indicate that the teeth were oriented 
vertically.
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The seven posterior buccal teeth are all double-rooted. However, it is not clear if 
any of the teeth had roots separated for their entire length. The last three alveoli have septa 
for their entire length, but they are all broken transversely in USNM 183023, and this 
area is not well preserved in USNM 424070. These seven alveolae are compressed 
laterally.
While almost all of the buccal alveolae are laterally compressed, they are all much 
less compressed than the equivalent alveolae in any specimen of S. calvertensis. In 
USNM 23537 the alveoli for all the maxillary teeth are flattened laterally, including the 
canines. This is also true of the preserved alveoli in USNM 10484 and USNM 328343 
(both S. calvertensis). In both species the teeth from the fifth buccal forward are directed 
increasingly outward as well as downward. All of the alveoli in USNM 183023 are 
somewhat larger than the corresponding alveoli in AMNH 475. There are no well 
preserved incisor alveolae from S. calvertensis, but isolated squalodont incisors in the 
USNM collection are nearly circular in cross-section.
The premaxillae line the inner margin of the maxillae until they are excluded from 
the ventral side of the skull in the vicinity of the ninth maxillary tooth. Anteriorly they 
make up the entire tip of the rostrum anterior to the canines, and remain in contact with 
each other posteriorly to the vicinity of the second or third buccal tooth. There is a gap 
between the premaxillae from this point back to the level of the sixth molar which was 
filled by the vomer. Posterior to the eleventh buccal tooth the maxillae come into contact 
on the midline. They terminate laterally by coming into contact with the lachrymal (not 
preserved) and the frontal.
On the midline, the maxillae extend back to about the level of the antorbital notch 
(as revealed by the damaged right palatine in USNM 183023). The maxillae have the 
appearance of a triangle, its apex pointed posteriorly, where they come into contact with 
the palatines. The preserved portion of the palatines is quite massive. They cover the 
maxillae ventrally, but it is not clear how they are joined to the maxillae anteriorly. The
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palatines meet on the midline. There is also a lateral portion of the palatine (dorsal part of 
palatine of Muizon, 1994), which is separated from the medial part of the palatine by the 
maxilla. Muizon (1991, 1994) regarded this as an early stage of the condition seen in the 
Platanistidae, in which the medial part of the palatine has disappeared. The palatines 
extend back to the anterior margins of the choanae.
The pterygoids in USNM 424070 have pronounced hamular fossae, and they 
extend between the lateral parts of the palatines. The pterygoids are wrapped around the 
interior margin of the nares, contributing to the interior and posterior margins. Posterior 
to the nares, the medial laminae of the pterygoids extend posteriorly and laterally until 
they contact the basioccipital crests. This is similar to the condition in S. calvertensis 
(USNM 328343) and S. bellunensis. In the holotype of S. calvertensis, the basioccipital 
crest appears isolated, but the pteiygoids are missing in this specimen. The lateral lamina 
is not well preserved, but appears to have been relatively small and to have come into 
contact with the falciform process of the squamosal, so that the pterygoid sinus was 
surrounded on both sides by the pterygoid. This is again consistent with the condition in 
S. calvertensis and S. bellunensis.
The vomer is visible on the rostrum along the midline, but in ventral view it is 
hidden by the maxillae at about the level of the most posterior alveolus. Posterior to this 
the vomer is expanded laterally forming the internal anterior, interior, and internal 
posterior walls of the choanae, as well as the mesorostral gutter. Inside the posterior 
portion of the vomer anterior to the optic canal the mesethmoid is exposed as a mass of 
spongy bone. The optic canal is angled well forward from its origin between the 
mesethmoid and olfactory lobes until it disappears on the supraorbital plate of the frontal 
just anterior to the postorbital process. In USNM 424070 the optic canal is narrower than 
in USNM 183023, and the posterior margin of the canal is longer, extending to the post 
orbital process. The frontals form the entire dorsal sides of the orbits and temporal fossae 
back to a point just behind the posterior margin of the olfactory lobes.
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Posterior to the frontals, the roof of the braincase is exposed in USNM 183023, 
revealing the parietals, which are poorly sutured to the frontals and fused to the 
supraoccipital. The olfactory lobes are quite large (about 40 mm in length) in USNM 
183023 and have nerve canals open all the way to the mesorostral gutter. There is a 
distinct septum dividing the two lobes, and the right lobe is larger than the left.
In ventral view, the glenoid fossae can be seen as shallow depressions. They are 
bounded posteriorly by the postglenoid process, which is low, rounded and rather broad. 
In the holotype of S. calvertensis, the glenoid fossa is much less obvious and the 
postglenoid process is better developed, with a sharp edge and a very prominent ventral 
projection, and is much less broad.
Mandible
The left mandible of USNM 183023 (Figure 4.4) is preserved posterior to the 
eighth tooth counting anteriorly, and the coronoid and large portions posteriorly are 
missing. Referred specimens include USNM 23024 (Figure 4.5), USNM 181575 (Figure
4.3), and CMM-V-182 (Figure 4.6).
Compared to the left mandible of USNM 22902, the alveoli are less flattened 
laterally, as is the case in the maxillary teeth. The condyle is relatively much larger in 
USNM 183023, and the outer margin of the condyle is convex (it is concave in USNM 
22902). It appears that the mandible does not curve outward as much as in 5. 
calvertensis, but this could be due to crushing. There are four small foramina externally, 
the first three in a line below the posterior molars and the fourth posterior to the last 
molar. There is a large knob internally at the level of seventh buccal tooth that appears to 
be present in USNM 22902 as well. This seems to be the thickest part of the mandible, 
and most of the isolated specimens of S. whitmorei mandibles include this area.
In USNM 183023 the seventh buccal tooth has roots that are fused for nearly their 
entire length. However, in USNM 23024, USNM 10694, and CMM-V-182, this 
alveolus has roots separated for nearly their entire length (based on either the tooth itself
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AFigure 4.4. Squalodon whitmorei. Holotype, USNM 183023, left mandible. A. lateral. 
B. dorsal. C. medial. Scale = 10 cm.
Figure 4.5. Squalodon whitmorei.USNM 23024, right mandible. A. lateral. B. dorsal. 
C. medial. Scale = 10 cm.
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AFigure 4.6. Squalodon whitmorei.CMM-V-182, left mandible. A. lateral. B. medial. C. 
dorsal. Scale = 10 cm.
Figure 4.7. Squalodon whitmorei.lyvcvparuc bullae. USNM 181644 A. lateral. B. dorsal. 
USNM 181643 C. lateral. D. dorsal. Scale = 10 cm.
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or the septa in the alveolus). Since these three specimens are in every other respect 
identical to USNM 183023, it appears that there was some variation in tooth structure 
within the species.
Tympanic bulla
No tympanic bullae or petrosals are preserved from either of the two known S. 
whitmorei skulls. There are, however, two isolated tympanic bullae that may represent 
this species (Figure 4.7). The two specimens are both damaged, but the preserved 
portions closely resemble the tympanic bulla of S. calvertensis in all respects. The 
specimens are also the appropriate size for S. whitmorei, assuming that the skull/tympanic 
proportions are the same for both species.
Teeth
The outstanding characteristic of the teeth of S. whitmorei is the size of the roots 
relative to the size of the crown. The roots are extremely robust, and the widest part of the 
tooth is always well below the crown. In contrast, in S. calvertensis the widest part of the 
tooth is usually at or very near the base of the crown. The crowns of the buccal teeth in 
these two species are essentially the same size and have the same enamel texture.
Only a small number of teeth are known for this species (Figures 4.8 and 4.9). 
Portions of a total of ten teeth were preserved with USNM 183023. These include the 
roots of the three upper left incisors, the root of the upper left canine with a fragment of 
the crown, the roots and partial crown of the seventh upper left buccal tooth, the roots and 
most of the crown of the seventh lower left buccal tooth, the posterior root of the eighth 
lower left buccal tooth, the anterior roots of the lower left ninth and tenth buccal teeth, and 
both roots of the eleventh lower left buccal tooth. Isolated teeth are known from several 
referred specimens.
The root of the upper left 11 can be removed from its alveolus. It is nearly circular 
in cross section and very straight. 12 is imbedded in the alveolus and is broken off too 
short to observe anything except that it is slightly flattened dorso-ventrally. 13 is also
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Figure 4.8. Squalodon whitmorei.Holotype, USNM 183023, teeth. A. upper left 12. B. 
upper left II. C. seventh lower left cheek tooth. D. eighth lower left cheek tooth, 
posterior root. E. ninth lower left cheek tooth, anterior root. F. eleventh lower left cheek 
tooth, anterior root. Scale = 10 cm.
Figure 4.9. Squalodon whitmorei. Teeth. A. USNM 10495. B. and C. USNM 23024. 
Scale = 10 cm.
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imbedded in the alveolus and is circular in section. The canine is loose. The root is nearly 
as long as in II, but it is somewhat curved. A small portion of the crown is preserved. It 
is covered with a thin layer of enamel that is longitudinally striate. The striations are much 
finer and more numerous than in the holotype of S. calvertensis (USNM 10484), 
although other S. calvertensis specimens show a wide range of enamel ornamentation, 
sometimes approaching the kind seen in USNM 183023. The seventh upper left buccal 
tooth is imbedded in the alveolus. There seems to be a partial crown, but it is too poorly 
preserved to determine any details.
The seventh lower left buccal tooth is the best preserved tooth (this is in the 
position of the thickest part of the mandible). The roots are bent posteriorly at the tips and 
are joined for nearly their entire length. They are indistinguishable from each other about 
7 mm below the base of the crown. The crown is covered with the same kind of enamel 
as is the canine, and it is longitudinally striate. The striations are more fine toward the tip 
of the crown as in USNM 10484. There was possibly one posterior denticle, now 
broken, and there is a longitudinal ridge on both cutting edges, lined with heavily worn 
serrations. This tooth is also preserved in USNM 23024 and USNM 10694. The crowns 
in these specimens are essentially the same both in shape and enamel texture as in USNM 
183023, but the roots are separated for their entire length.
The posterior root of the eighth lower left buccal tooth is short and thick. It was 
apparently separate from the anterior root for most of its length, but the roots appear to 
have joined below the crown. The thickest part of the root is 9 mm ventral to the top o f 
the preserved portion.
Only the bottom of the anterior root of the ninth lower left buccal tooth is 
preserved. Litde can be said except that it is rather rectangular in section.
The anterior root of the tenth lower left buccal tooth is also rather rectangular in 
section. The tip of the root is hooked backward. The thickest part is 18 mm ventral to the 
top of the preserved portion.
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Sternum
The sternum of USNM 183023 (Figure 4.10) is a large T-shaped bone. There are 
no obvious sutures within it. It is concave dorsally and convex ventrally, except at the 
cross of the "T" where it is concave ventrally. There appear to be articulations for three 
pairs of ribs, all on the cross of the "T." The bone is very robust, and the posterior 
margin suggests that there were other elements posterior to it.
The only other squalodont sternum from North America is a fragment from 
USNM 175382, referred to S . calvertensis. Despite its poor preservation, this specimen 
is remarkably different from S. whitmorei. While the fragment suggests a bone 
comparable in size to USNM 183023, it is only about half as thick. There are still three 
rib articulations, but in S. calvertensis the articulations seem to be distributed along the 
entire side of the sternum, rather than concentrated at the anterior end.
Ribs
There are 21 separate rib fragments preserved from USNM 183023, including 
parts of at least five right ribs and two left ribs (Figure 4.11). One of the right ribs has a 
head preserved. The articulation is 25 mm long and deeply concave. This rib has a sharp 
inward bend about 150 mm distally from the head. This bend is seen in several other 
fragments.
All of the fragments are consistent in structure with various S. calvertensis ribs in the 
USNM and CMM-V collections.
Cervical vertebrae
The cervical vertebrae are shown in Figure 4.12. The atlas is very similar to that in 
S. calvertensis (USNM 175382). The diapophyses and parapophyses form a continuous 
ridge in USNM 183023; they are separate in S. calvertensis. This trait is apparently not 
size related in USNM 183023, as Eurhinodelphis specimens from USNM also have the 
continuous ridge. The neural spine is relatively taller in USNM 183023 than in S. 
calvertensis.
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Figure 4.10. Squalodon whitmorei.H olotype, USNM  183023, sternum. Dorsal view .
Scale = 10 cm.
Figure 4.11. Squalodon whitmorei.Holotype, USNM 183023, ribs. Scale = 10 cm.
I l l
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
BH
K
I *
1
M N
Figure 4.12. Squalodon whitmorei.Holotype, USNM 183023, cervical vertebrae. A - C. 
atlas. D - F. axis. G - 1, third cervical. J - L. fourth cervical. M. ?fifth cervical. N. ?sixth 
cervical. First column anterior, second column dorsal, third column right lateral, M. and 
N. anterior. Scale = 1 0  cm.
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The axis is also very similar to S. calvertensis (USNM 328343). The 
postzygopophyses are relatively much larger compared to the centrum and the odontoid 
process is less tapered in USNM 183023. The ridge on the top of the transverse process 
is smoothly concave in S  .calvertensis', in USNM 183023 the proximal half is concave 
and the distal half convex. The latter condition is not found in any other odontocete I have 
examined. The diapophyses are relatively much larger in USNM 183023 and are directed 
vertically; in S. calvertensis they are directed 45° forward. The tip of the neural spine is 
very irregular in USNM 183023.
The third cervical is lacking the neural arch and spine, and nearly all of the 
transverse processes. Both epiphyses are fused to the centrum. The diapophyses and 
parapophyses form a continuous ridge at their bases, as in S. calvertensis (USNM 23537 
and 328343); vascular sinuses are not present. This is apparently a diagnostic trait for 
identifying Ce3 in both of these species. However, there is a small (6 mm diameter) canal 
on the left side in USNM 183023 that is not present in either specimen of S. calvertensis. 
The hypapophysis in S. whitmorei is not bifurcated, as it is in both specimens of S. 
calvertensis.
The fourth cervical lacks the neurai arch and spine and most of the transverse 
processes. The anterior epiphysis is fused to the centrum, while the posterior epiphysis is 
present but not fused. There are distinct vascular sinuses present with a dorsoventral 
diameter of 15 mm on each side. In both S. calvertensis and S. whitmorei, Ce4 is the first 
cervical vertebra with distinct vascular sinuses.
There are two parapophyses preserved that appear to be from Ce5 and Ce6, based 
on a comparison with CMM-V-208, which is referred to S. calvertensis. There are no 
significant differences between the two species in this case. It appears that no part of Ce7 
was preserved.
113
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Thoracic vertebrae
Portions of 11 thoracic vertebrae are preserved (Figures 4.13 and 4.14). 
Comparison to USNM 23537, which includes part of a vertebral column of S. 
calvertensis, suggests that T9 could be missing, and the last three thoracics are T10-T12, 
but this is by no means clear. Evidence for this is the fact that the transverse processes in 
T9 appear to be much longer than in T8. If T9 is in fact missing, then it is not preserved 
in the postcranial remains of any North American squalodont.
The thoracics are generally very similar to the corresponding vertebrae of USNM 
23537. The main differences are in T l, which has an anterior spine on the diapophysis 
not found in T l of USNM 23537, and in T2, which is 33% longer relative to its height 
than in the T2 of USNM 23537. T1-T7 have rib articulations on diapophyses, and 
starting with T8 the rib articulations are on parapophyses. There are no obvious rib 
articulations on the centra of any of the thoracics. As in S. calvertensis, the diapophyses 
on T l are angled down sharply, while in T2 to T4 they are horizontal and in T5 to T7 they 
are angled dorsally. At least one epiphysis is not fused to the centrum in T2, T4, and T5. 
The centrum is not preserved in T l or T3.
Lumbar vertebrae
There are six lumbar vertebrae preserved, apparently L1-L6 (Figure 4.15). 
Unfortunately, there is no good lumbar series from S. calvertensis available at the USNM 
for comparison. In addition, there are six isolated neural spines that may be from lumbars 
or thoracics (Figure 4.16).
The six vertebrae are all very similar to each other and to isolated lumbars from 5. 
calvertensis (USNM 22902 and 10484), as well as to the posterior thoracics. All have tall 
neural spines when preserved, and large parapophyses and metapophyses. They have 
much more prominent hypapophyses than do the posterior thoracics. Unlike the caudal 
vertebrae, the hypapophyses are not split to articulate with chevrons.
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Figure 4.13. Squalodon whitmorei.Holotype, USNM 183023, first to sixth thoracic 
vertebrae. A - C. T l. D -F. T2. G - 1. T3. J -L. T4. M - O. T5. P - R. T6. First column 
anterior, second column dorsal, third column right lateral. Scale = 10 cm.
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Figure 4.14. Squalodon whitmorei.Holotype, USNM 183023, seventh to eleventh 
thoracic vertebrae. A - C. T7. D -F. T8. G - 1. T9. J -L. T10. M - O. T 11. First column 
anterior, second column dorsal, third column right lateral. Scale = 10 cm.
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Figure 4.15. Squalodon whitmorei.Holotype, USNM 183023, lumbar vertebrae. A - C. 
LI. D - F. L2. G - I. L3. J - L. L4. M - O. L5. P - R. L6. First column, anterior, second 
column dorsal, third column right lateral. Scale = 10 cm.
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Figure 4.16. Squalodon whitmorei.Holotype, USNM 183023, neural spines. Right 
lateral view. Scale = 1 0  cm.
Figure 4.17. Squalodon w/z/miorei.Holotype, USNM 183023, caudal vertebrae. A - C. 
C al. D - F. Ca”2”. G - 1. Ca”3”. J - L. Ca”4”. M - O. Ca”5”. P. Ca”6”. Q. and R. 
chevrons (R. may be from an associated cetothere). First column, anterior, second 
column dorsal, third column right lateral. P. dorsal, Q. and R. right lateral. Scale = 10 
cm.
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Caudal vertebrae
The caudal series, which includes six vertebrae (Figure 4.17), is too incomplete to 
be certain of the absolute position of each vertebra in the series, although their relative 
positions can be determined. One of the six may be Cal, based on the weak chevron 
articulations. In general appearance this vertebra is very similar to L6. The next four 
preserved caudals all have numerous foramina running through the centra and the bases of 
the processes, and prominent articulations for the chevrons (except the third caudal, in 
which the centrum is not preserved). The sixth is typical of near-terminal cetacean 
caudals.
There are two fragments interpreted as chevrons (Figure 4.17). One is very 
similar to the fifth chevron of the modem grey whale, Eschrichtius robustus, and may in 
fact be from a cetothere (a probable cetothere centrum was also associated with USNM 
183023). Its maximum length is 78 mm. The second is much more typical of an 
odontocete chevron, subrectangular in lateral view and with a large concave surface on the 
ventral side. The tip and articulations are missing. The length is 51 mm.
Discussion
One of the biggest problems in squalodont taxonomy is the possibility of 
numerous synonyms because of the large number of species based on poor material and 
without regard to age, sex, or individual variation. This leaves open the possibility that S. 
whitmorei and S', calvertensis, and possibly other species as well, are actually the same 
taxon. This problem is compounded because all the known squalodont specimens are, in 
fact, very similar to each other. However, even with the small number of specimens 
identified, there is a fairly large set of distinctive characters supporting the erection of S. 
whitmorei as a new species. Relative to S. calvertensis, the following characteristics a 
diagnostic of S. whitmorei:
1) Large size.
2) Alveolar gutter ends closer to the antorbital notch.
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3) Glenoid fossa more more deeply concave.
4) Postglenoid process rounded and not as strongly developed.
5) Roots of anterior buccal teeth much more circular in cross section.
6) Coronoid process of mandible relatively much larger.
7) Diapophysis and parapophysis form a continuous ridge on the atlas rather than being 
separate.
8) On axis, proximal half of parapophysis concave and distal half convex rather than 
concave over its entire length.
9) Second thoracic vertebra centrum longer relative to its height.
10) Anterior spine on diapophysis of T1 which is absent in S. calvertensis.
11) Hypapophysis on Ce3 not bifurcate as it is in S. calvertensis.
12) Roots are very large relative to crown, with the widest part of the tooth always well 
below the base of the crown instead of at the base of the crown.
There have been attempts by some workers, particularly Muizon (1991, 1994), to 
develop a list of Squalodontidae apomorphies. Characters suggested by Muizon (1991) are:
1) An increase in the size of the anterior teeth relative to more primitive cetaceans and medial 
incisors which lie horizontally.
2) Reduction of the lateral lamina of the pterygoid hamulus.
It appears that character 1 is not unique to Squalodontidae, but is also found in 
Waipaitiidae and possibly other groups as well. Thus the following charaters are suggested 
as Squalodontidae apomorphies:
1) Spongy posterior process of the tympanic.
2) Reduction of the lateral lamina of the pterygoid hamulus.
3) Upturned anterior skull and mandible.
4) Oval rather than circular humeral head.
5) Incisors which are circular in cross section and straight with serrate edges.
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6) II alveolus lies directly dorsal to 12.
7) Cervical vascular sinus on Ce4 to Ce6 only.
This long list of apomorphies, most of which can be found both in North American 
and European specimens, suggests that Squalodontidae sensu Muizon (1991) is 
monophyletic.
121
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 5. ECOLOGY AND EXTINCTION OF THE MIOCENE WHALE 
SQUALODON CALVERTENSIS
Introduction
The Squalodontidae are an extinct family of odontocete whales found from the late 
Oligocene to middle Miocene, mainly from the North Atlantic coasts. While their 
relationships have been extensively studied (Muizon, 1991,1994, Fordyce, 1994, 
Rothausen, 1968a, 1968b, Dooley, 1991, Chapters 2 and 3 of this dissertation), they 
have not been extensively examined as living animals. Kellogg (1923) suggested that, 
based on their similar size, Squalodon and Orcirms might have similar habits; that is, 
cosmopolitan predators of other marine mammals. Little consideration has been given to 
Squalodon habits since then. This paper is an attempt to examine this group in light of 
new material collected in the last 75 years, to see what can be determined about their diet, 
geographic and habitat distribution, and eventual disappearance.
Sexual Dimorphism
Identification of sexes in fossil species is difficult at best, although it is possible to 
make reasonable sexual determinations in a number of species. This is not necessarily 
simplified when the species in question have dramatically different secondary sexual 
characteristics, such as the presence or absence of antlers in deer, or the dramatic 
differences in body size in elephant seals, as these differences may be interpreted in fossil 
species as specific differences. Unfortunately, in cetaceans the constraints of living in an 
aquatic environment reduce the possible range of secondary sexual characteristics. Even 
with these difficulties, there are noticeable sexual differences in several cetacean species. 
For example, in Orcinus the males tend to be larger and have a relatively much larger and 
more pointed dorsal fin, but of course this character would not be preserved in a fossil 
species. However, in the narwhal (Monodon) the large tusk typically only develops in the 
male, and is used for courtship contests. In most of the species of the Ziphiidae, the
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female has no teeth, while the male has a single pair of teeth used in mating combat. In 
sperm whales (Physeter) the males are considerably larger than the females. Fortunately 
characters such as these potentially can be identified in fossil species.
Examination of available specimens of Squalodon calvertensis revealed a number 
of differences between various specimens. One of the most distinctive (if not unique) 
squalodont characteristics is the enlarged, procumbent incisors. The first incisor in each 
quarter jaw is circular in cross section and straight (or very close to straight), quite 
different from the other teeth and easily identified. These teeth appear to fall into two 
distinct, roughly equal groups. One group (Figure 5.1) is considerably larger than the 
other, with a more robust root, and the widest point a little below the base of the crown. 
The other group (Figure 5.2) is smaller and more slender, with the widest point at the 
base of the crown. A skull (USNM 328343) associated with some of the small teeth has 
closed sutures, vertebral epiphyses fused to the centra, and a high degree of ossification 
of the mesethmiod, all features of mature animals, all suggesting that the smaller incisors 
are not simply juveniles. Out of 496 total teeth examined, 18 are large and 22 are small. 
While there is a difference in body size between these animals, body size is a character 
known to exhibit sexually dimorphic differences, as mentioned above. Given the behavior 
of some modem odontocetes and the secondary sexual characteristics associated with 
them, as well as the near 50/50 ratio of incisor types, it seems reasonable to suggest that 
the large incisors belong to male specimens of S. calvertensis, and the small incisors to 
females.
This interpretation implies that male squalodonts used their large incisors for intra- 
species combat. There is little direct evidence to support this, but there are features to look 
for in future specimens. Squalodont post-cranial material is only poorly known (see 
Chapter 3), but ribs are occasionally preserved. In examining four adult male specimens 
of Ziphius, three had broken and healed ribs, and one had broken and healed neural 
spines on several vertebrae. To date this has not been observed in Squalodon, but
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Figure 5.1. Squalodon calvertensis. First incisor, male. A. USNM 498743. B. USNM 
449599. C. USNM 454775. D. USNM 449586. E. USNM 310598. F. USNM 187315 
G. USNM 449603. H. USNM 453006. I. USNM 359867. J. USNM 183055. K. 
USNM 359830. L. USNM 400965. M. USNM 400968. N. USNM 26067. Scale = 10 
cm.
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Figure 5.2. Squalodon calvertensis. First incisor, female. A. USNM 449599. B. USNM 
187398. C. USNM 359822. D. USNM 25296. E. USNM 328343. F. USNM 328343. 
G. USNM 453006. H. USNM 449584. I. USNM 24803. J. USNM 449583. K. USNM 
359833. L. USNM 328320. M. USNM 449601. N. USNM 457210. O. USNM 25496. 
P. USNM 25043. Q. USNM 25282. R. USNM 449596. S. USNM 310588. T. USNM 
449544. U. USNM 449587. Scale = 10 cm.
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postcranial material is limited. One suggestive character is seen in USNM 498743, 
interpreted here as a male. Two of the incisors from this specimen have large broken and 
polished facets, quite different from the wear seen in other squalodont teeth. As discussed 
below, this type of damage is associated with animals that have attacked large marine 
tetrapods, which were probably not a major component of squalodont diet. It is possible 
that USNM 498743 damaged its incisors in an attack on another squalodont, rather than 
on a prey animal.
Certain characters of the petrosal seem to correlate with these dental variations. 
Some petrosals show a modification of the anterior process that suggests an enlargement 
of the tensor tympani. When associated with incisors, these petrosals all appear to be 
from male animals. The “standard” S. calvertensis petrosal, as seen in the holotype, 
seems to be associated with females. In land mammals the tensor tympani is associated 
with hearing frequency, but its functional significance in cetaceans is not clear.
Diet
The only good indicators of diet in a fossil marine organism are tooth wear 
patterns (whether macro- or microwear), stomach contents, and predation marks on prey 
animals. Stomach contents of fossil animals are occasionally found, as in some 
Cretaceous mosasaurs, but none have been described from any squalodont.
Predation marks on prey animals have been used in some instances, and there is, 
for example, good evidence in the form of healed bones with gouges formed by shark’s 
teeth that live cetothere whales were attacked by large lamnoid sharks. Squalodonts 
however, have a tooth structure that is rather similar to other primitive odontocetes, which 
would make correlating any gouges with a particular type of whale difficult. An additional 
difficulty with this method is that it assumes that the prey animal is preserved as a fossil, 
and has hard parts significantly larger than the predator’s teeth. In fact, of the 60 or so 
extant cetacean species, only one, the killer whale (Orcinus orca), regularly feeds on prey 
animals that meet these criteria. Thus it is likely that predation marks will not contribute
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any information about squalodont diet. That leaves tooth-wear patterns as the only good 
alternative.
Tooth microwear has been used with some success in determining the diet of 
terrestrial vertebrates. This technique involves comparing scratches on the tooth, which 
are visible in SEM micrographs, to samples from extant herbivores with known dietary 
habits. While in principle this technique could work on cetaceans, there are two practical 
difficulties. First, the dietary habits are unknown for all but a few modem species of 
whale. Second, there is no existing database of SEM micrographs of modem whale teeth 
to use for comparative purposes. That leaves tooth macrowear as the best option for 
studying extinct whale feeding preferences.
In a study of marine reptile prey preferences, Massare (1987) used tooth 
macrowear in modem whales and crocodilians as a model for studying extinct marine 
reptiles. She identified three distinct wear patterns in modem whales. Species that feed 
primarily on fish, such as Stenella, have teeth that are conical, straight to slightly 
recurved, and sharply pointed, with essentially no wear. Squid-eaters such as Physeter 
have teeth that are broadly rounded and highly polished at the apex, or no teeth at all. 
Predators on large marine vertebrates such as Orcinus have stout conical teeth that are 
frequently broken, with polished edges around the breaks.
Unlike modem cetaceans, Squalodon shows three distinct tooth morphologies 
(Figure 5.3). The incisors are straight, robust teeth that are circular in cross section and 
quite long. These teeth point straight anteriorly. Posterior to the first incisor, the teeth are 
progressively directed more vertically and are laterally compressed. Posterior to about the 
ninth tooth, the teeth tend to have two distinct, separate roots, and have cusps on the 
anterior and posterior margins. All of the teeth have serrate cutting edges, and on the 
posterior teeth, the cusps are usually serrate as well. The enamel is heavily ornamented 
with ridges that run toward the apex.
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Figure 5.3. Upper right dentition of Squalodon calvertensis. A. Right lateral view. B. 
Dorsal view. Lower jaw dentition is similar.
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No modem whale has teeth similar in shape to Squalodon. However, the 
squalodont dentition (excluding the anterior incisors) is similar to that seen in mosasaurs 
and some icthyosaurs (Massare, 1987) (Figure 5.4). The marine reptiles with this tooth 
form often have the tip of the apex broken and polished (Massare, 1987). Squalodon 
calvertensis also shows this type of breakage. Another group that has squalodont-type 
dentition is, of course, the sharks. Sharks replace their teeth so rapidly that wear patterns 
are probably meaningless, but the shape of the teeth in some species (Carcharodon, for 
example), is very similar to those of Squalodon.
In some cases prey items are known for these species. Carcharodon feeds on large 
seals (Klimley, 1994). Stomach contents for the icthyosaur Leptopterygius acutirostris, 
listed by Massare (1987), include another icthyosaur. Stomach contents for mosasaurs are 
also listed by Massare, and include sharks, teleosts, aquatic birds, other mosasaurs, 
ammonites, and turtles. This resembles the known prey list for Orcinus, which includes 
22 cetacean species, 14 pinnipeds, 31 fish, 9 birds, a turtle, and several cephalopods 
(Hoyt, 1990).
Thus, the tooth morphology of Squalodon suggests a diverse, opportunistic diet, 
similar to that of the modem Orcinus. However, a comparison of the skull morphology of 
various cetaceans may also reveal aspects of squalodont diet. In Figure 5.5, several 
cetacean skulls are shown in dorsal view, all to the same scale. Note in particular the 
robustness of Orcinus and Pseudorca compared to both species of Squalodon. It is 
possible that the two modem species require larger skulls because they attack animals 
considerably larger than themselves. Orcinus is known to prey on all the mysticetes 
except Caperea, as well as Physeter (Hoyt, 1990). Yet even with its massive skull, 
Orcinus is still vulnerable to breakage at the base of the rostmm, as indicated by an 
incident at a marine park in 1989. In this case, one killer whale rammed another, breaking 
the rostmm of the attacker at the base and causing the attacker to bleed to death (Hoyt, 
1990). Given the much more gracile squalodont skull, it seems very unlikely that
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Figure 5.4. Comparisons of teeth. A. Squalodon whitmorei, restoration based on USNM 
183023. B. Squalodon whitmorei, based on USNM 214644. C. Temnodontosaurus 
platyodon, an icthyosaur. D. Mosasaurus maximus, a mosasaur. E. Carcharodon? 
landenensis. F. Carcharodon? angustidens. G. Hemipristis serra. C and D after Massare, 
1987, E, F, and G after Kent (1987). Scale = 1 cm.
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Figure 5.5. Comparisons of cetacean skulls. A. Squalodon whitmorei, restoration based 
on USNM 183023 and USNM 424070. B. Orcinus orca, after Toschi (1965). C. 
Squalodon calvertensis, restoration based primarily on USNM 328343, USNM 10484, 
and USNM 206288. D. Pseudorca crassidens, after Toschi (1965). E. Tursiops 
truncatus, after Toschi (1965). Scale = 10 cm.
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these whales could attack animals larger than themselves without running a serious risk of 
fatal injury.
This interpretation of diet raises another issue, that of the differing tooth 
morphologies observed in these predators. As described above, the form seen in Orcinus 
has robust conical teeth that are frequently broken. This tooth form also is seen in 
pliosaurs (Massare, 1987). The other form, seen in Squalodon, mosasaurs, the 
icthyosaurs Leptopterygius and Temnodontosaurus, and some sharks, is laterally 
compressed and triangular, with serrate cutting edges and typically worn only at the tip. 
The frequency of breakage in pliosaurs and Orcinus is interesting. The implication is that 
this tooth form is not a particularly good one for attacking large vertebrates. The triangular 
serrate tooth seems to withstand damage much better.
An explanation for this distribution of tooth morphologies may lie in the 
evolutionary histories of the various species involved. Mosasaurs presumably evolved 
from varanoid lizards that already possessed the triangular serrate tooth form.
Squalodonts likewise evolved from some heterodont archaeocete, and retained their 
primitive dentition, which was well suited to the opportunistic predator lifestyle. Orcinus 
and pliosaurs have a rather different history. Pliosaurs probably evolved from piscivorous 
nothosaurs and pleisiosaurs, while Orcinus evolved from the piscivorous dolphins which 
begin appearing in the Miocene. The Ora'ratf/pliosaur tooth shape appears to be a sub- 
optimal, if adequate, modification for attacking marine tetrapods of the inherited conical 
fish-eating tooth morphology.
Habitat and Extinction
Squalodon is known from only three contemporaneous formations in North 
America. Even so, defining the habitat these whales lived in is difficult. The deposits that 
contain squalodonts are the Kirkwood Formation, the Calvert Formation, and the Pungo 
River Formation. These units were deposited in different depositional basins along the 
Atlantic coast (Figure 5.6). The temperature during deposition of the Calvert and Pungo
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Figure 5.6. Depositional basins along the North American Atlantic Coastal Plain. The 
Kirkwood Formation was deposited in the Raritan Embayment, the Calvert Formation in 
the Salisbury Embayment, and the Pungo River Formation in the Albemarle Embayment. 
A single squalodont tooth is also known from the Hawthorne Formation in the Southwest 
Georgia Embayment From Ward (1992).
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River Formations in particular has been quite controversial. The foraminiferal fauna of the 
Pungo River is similar to that currently seen north of Long Island, suggesting a lower 
temperature off the North Carolina coast in the Burdigalian (Gibson, 1967). Gibson 
(1987) also considered the Calvert and Pungo River Formations to be considerably cooler 
than the equivalent Chipola and Oak Grove Formations in Florida, based on bivalve 
mollusks. However, Ward (1992) considered the Calvert molluscan fauna as warm 
temperate to subtropical. In addition, reptiles (Collins and Lynn, 1936; Whitmore, 1971), 
mammals (Whitmore, 1971), ostracode ratios (Malkin, 1953) and terrestrial pollen 
(Leopold, 1970; Verteuil and Norris, 1992) all indicate an environment in the Salisbury 
Embayment warmer than today. It seems that most of Gibson’s data come from near the 
top of the Calvert and Pungo River, which brings the foraminiferal data into closer 
agreement with those of the other taxa.
There is more agreement on water depth. The Albemarle Embayment (Pungo 
River Formation) seems to have been the deepest of these areas, with water depths of up 
to 200 m (Gibson, 1967), shallowing upward to less than 70 m. Katrosh and Snyder 
(1982) suggested that the water depth was probably not greater than about 50 m, with 
pulses of more open marine circulation. The embayment was apparently open marine, 
with cold bottom waters, and opened to the east-northeast (Gibson, 1967, 1983a; Abbott 
and Emissee, 1983; Snyder et al., 1982). The presence of diatoms and phosphorites 
indicates cold-water upwelling (Gibson, 1967; Scarborough et al., 1982); these seem to 
be associated with global sea level fluctuations (Riggs et al., 1982).
The Salisbury Embayment seems to have had much shallower water, although the 
Fairhaven Member was probably below storm wave base (Kidwell, 1984; Poag, 1989). 
According to Kidwell (1984) the Plum Point Marl Member mollusks indicate a fresh 
water, perhaps deltaic, influence, which is also suggested by Gibson (1982). This 
conclusion is supported by the occurrence of a number of different land mammals in these 
beds (Whitmore, 1971, 1984). However, Andrews (1978, 1988) did not identify any
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freshwater diatoms. In addition, the ostracode fauna indicates normal salinity (Malkin, 
1953), as do the foraminifera (Gibson, 1962). The embayment apparently opened to the 
northeast (Ward, 1992). There is abundant evidence of upwelling, in the form of diatoms 
(Poag, 1989; Andrews, 1978, 1988).
The Raritan Embayment in New Jersey seems to have been deposited under 
somewhat different circumstances. Andrews (1988) stated that there was a greater clastic 
influence in the Kirkwood Formation than in the equivalent Calvert Formation Bed 3A in 
Maryland. Gibson (1976) suggested that there was a significant deltaic influence in the 
Kirkwood, based on the sedimentology. He further suggested that this may have 
contributed to enclosing the Salisbury Embayment, although the amount of closure is 
questionable, since the Calvert Formation seems to show normal marine conditions 
throughout its sections.
There has been little published on squalodont extinction. Squalodonts are not 
found in the Choptank Formation, which is immediately above the Calvert and marked by 
a relatively short hiatus (Kidwell, 1984; Gottfried et al. 1994). General unpublished 
opinion seems to be that the conservative squalodonts were simply replaced by the more 
advanced platanistids and delphinids that appeared in the Miocene. However, with the 
exception of Squalodon, the odontocete species present at the top of the Calvert 
Formation are the same as those at the base. This means that Squalodon coexisted with 
the same whales for at least five to eight million years, indicating that this explanation for 
squalodont extinction is probably inadequate.
Several significant events occurred in the Miocene that potentially could have had 
an effect on squalodonts. About 18 Ma, corresponding to Bed 3A of the Calvert 
Formation, the eastern end of the Tethys sea was closed off by the movements of Asia 
and Africa (Berggren and Hollister, 1974). This would likely have had the effect of 
strengthening the Gulf Stream and turning it more northward (Berggren and Hollister, 
1974; Keller and Barron, 1983). By about 17 Ma, the isthmus of Panama had risen
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sufficiently to affect bottom currents (Keller and Barron, 1983) and marine invertebrates 
(Woodring, 1966). This would also have the effect of strengthening the Gulf Stream 
(Keller and Barron, 1983, Berggren and Hollister, 1977). At about 15.5 Ma, Norwegian 
Overflow Water began seeping into the Atlantic (Berggren and Hollister, 1974); at about 
13 Ma the amount of Norwegian Overflow Water significantly increased (Blanc et al., 
1980). Also during this time, about 15 Ma, the Gibraltar Sill was emplaced, and 
circulation between the Atlantic and Tethys was significantly reduced (Berggren and 
Hollister, 1974).
The majority of data seems to indicate that the east coast of North America was 
warmer in the Burdigalian than today. The strengthening Gulf Stream probably kept the 
climate fairly stable. Eddies from the Gulf Stream could carry some planktonic 
foraminifera into the coastal embayments; the Salisbury Embayment, being located farther 
north than the Albemarle and more protected with a northeast-facing outlet, would get 
correspondingly fewer tropical foraminifera. The eddies could also contribute to the 
upwelling seen in the Fairhaven and Pungo River (Andrews, 1988). Early stages of cold 
water moving south from Greenland could also cause upwelling, particularly in the 
Fairhaven since the Salisbury Embayment opened to the northeast. About 13-14 Ma, an 
influx of Norwegian Overflow Water along the coast may have caused a cooling of the 
regional climate. This may have been intensified by a reduction of warm water flowing 
out of the Mediterranean.
Whitmore (1994) and Fordyce (1992) have shown how changes in ocean 
circulation can have a dramatic effect on cetacean diversity. The faunal turnover described 
by Whitmore (1994) took place in the Miocene, and Squlodon may have been an early 
victim of the changing conditions. The worldwide distribution of squalodonts (North 
Atlantic, South American Adantic coast, Mediterranean, eastern Pacific, and New 
Zealand) suggests a possible southern ocean origin for the family, perhaps during the 
cetacean radiation associated with the onset of circum-Antarcdc circulation. Squalodonts
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could then have moved west through southeast Asia and followed warm currents to the 
Tethys. From there they could have followed the same currents to North America, the 
Gulf Stream to Europe, and through the Panama Seaway to the eastern Pacific (Figure 
5.7). In the late Oligocene or early Miocene this dispersal would not have required the 
whales to leave subtropical zones.
It is possible that squalodonts were environmentally restricted. Examples of this 
are seen in numerous modem cetacean species. For example, Globicephala melaena 
seems to be restricted to warmer waters in the North Pacific, and only moves north of 
latitude 40°N when there are warm water incursions (Leatherwood etal., 1988). 
Narwhals have only been recorded once from south of the Bering Strait (Leatherwood et 
al., 1988), while belugas breed at 15°C (Whitmore, 1994). Stenellaattenuata'm the 
eastern Pacific is only known south of 28°N; additionally, it is only found within 50 km 
of the coast (Leatherwood etal., 1988). Steno bredanensis has only been recorded when 
sea surface temperature are above 25°C (Leatherwood etal., 1988). Lissodelphis corialis 
is known only between 30°N and 50°N, and only moves south of 30°N if the 
temperatures are unusually cold (Leatherwood etal., 1988).
In late Oligocene deposits in Japan, squalodonts are not present, even though 
kentriodontids and agorophiids are found (Sawamura etal., 1996). Assuming a 
temperature restriction for squalodonts provides a possible explanation for this. If 
squalodonts were sensitive to temperature and dispersed in the manner proposed above, 
there may simply have been no dispersal route to get from New Zealand or Tethys to 
Japan. Another possibility is that even if there was a dispersal route to Japan, the 
temperature in that area may have been too cold to support squalodonts.
One prediction based on this dispersal theory is that squalodonts should be late 
survivors in the Caribbean and Gulf of Mexico. The only squalodont records from these 
areas are two isolated teeth. One is from the Hawthorne Formation of northern Florida 
(Bryant, 1991), which correlates with the Calvert Formation. The other is from southern
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Figure 5.7. Suggested squalodont dispersal route. “S” represents known squalodont 
localities, “?” represents primitive odontocetes which are probably squalodont. 
Squalodonts may have originated in the southern ocean during the Oligocene, the 
dispersed westward to Tethys. Alternatively, the group could have originated in Tethys 
and dispersed eastward to New Zealand. From Tethys, the whales could travel west 
through Gibraltar to North America, and from there on the Gulf Stream to northern 
Europe and through Panama to Oregon. Note that if this pattern is correct, that the 
northern European and Mediterranean squalodonts are not clodely related, and that the 
Oregon and New Zealand species are not closely related. Map adapted from Wicander and 
Monroe (1992).
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Alabama, of uncertain age. However, Caribbean Miocene marine vertebrate localities are 
quite rare. While several sirenians have been described from various Caribbean islands, 
cetaceans of all types are almost unknown for this time period. Hopefully, new outcrops 
will help to fill this gap. The Fleming Formation in Louisiana, while primarily terrestrial, 
does appear to have some marine influence, and dates to around the last occurrence of 
squalodonts in Maryland (Schiebout, 1997). So far these outcrops have not produced any 
cetaceans, but study of these units is still at an early stage.
Another prediction of this dispersal pattern concerns the relationship of the various 
squalodonts. If squalodonts actually did originate in New Zealand, squalodonts from that 
area should form a sister group to all other squalodonts. The next group to separate out 
should be the Tethyan taxa, such as Eosqualodon and Kelloggia. An interesting aspect is 
that dispersal in this scenario would have proceeded across the Atlantic, and then back to 
northern Europe via the Gulf Stream. Thus Squalodon calvertensis, S. bariensis, S. 
whitmorei, and the Oregon squalodont should form a clade which excludes Kelloggia. 
This prediction has not yet been tested, but the high degree of similarity between S. 
calvertensis and S. bariensis in particular suggests that it may be the case.
Summary
Squalodonts seem to have filled an ecological niche similar to that of the larger 
modem dolphins such as the false killer whale and the bottlenosed dolphin; that is, 
opportunistic predators on fish, small mammals, and squid. The rather weak squalodont 
skull structure suggests that these animals did not feed on animals significantly larger than 
themselves, as do killer whales. The different tooth form seen in squalodonts when 
compared to their modem analogs is probably due to the constraint in tooth form in 
modem forms which evolved from fish-eating ancestors. It appears that squalodonts may 
have also exhibited sexual dimorphism in both body size and incisor morphology, 
reminiscent of modem beaked whales.
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The temporal and geographic distribution of squalodonts suggests that members 
of the family dispersed in the late Oligocene from New Zealand, through Tethys, to North 
America, and from there to Europe and through Panama to Oregon. The exclusion of 
squalodonts from Japan, and their disappearance from North America and Europe when 
ocean temperatures dropped in the middle Miocene, indicate that squalodonts were limited 
to wanner waters. Falling temperatures and a breakdown of dispersal routes with the 
closure of eastern Tethyes, Gibraltar, and Panama may have contributed to their 
extinction.
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CHAPTER 6. SUMMARY 
The species level diversity of the Squalodontidae is much lower than is suggested 
by historical species lists. In fact, of seventeen species from North America which have 
been referred to the family, only two are actually squalodonts, and only one, Squalodon 
calvertensis, is based on adequate material for a species description.
Squalodon calvertensis is now known from numerous specimens, from the early 
to middle Miocene Calvert, Pungo River, and Kirkwood Formations. The specimens now 
available indicate that there is a degree of individual variation, as is typical of modem 
cetaceans. While the tooth count seems to consistently be 16 in each quarter jaw, 
individual variation makes a distinction between molars and premolars impossible; earlier 
attempts by various authors to identify squalodont species based on dental characters 
alone can be disregarded. Features useful in identifying squalodonts can be found in parts 
of the skull, the cervical vertebrae, and the forelimb. The entire vertebral column anterior 
to the third lumbar is now known; there are no definite S. calvertensis vertebrae known 
posterior to the second lumbar. There appear to be 11 thoracic vertebrae and six lumbar 
vertebrae. Squalodon calvertensis and S. bariensis from Europe show a high degree of 
similarity in the overall skull structure, petrosal, and tympanic bulla. It is quite possible 
that these animals are conspecific, but evaluation of this possibility will have to await 
detailed study of S. bariensis.
Squalodon whitmorei represents a new species of squalodont from the Calvert and 
Pungo River Formations. This species was first figured but not named by Kellogg in 
1923, but a skull was not located until 1975; two skulls are now known. Squalodon 
whitmorei is much less common than S. calvertensis in both the Calvert and Pungo River; 
it is as yet unknown from the Kirkwood. Squalodon whitmorei is a very large animal, 
and is by far the largest squalodont known; it probably approached 8 m in length. Tooth 
counts are the same as in S. calvertensis. The type specimen includes a large part of the 
skeleton, including most of the vertebrae back to the first caudal. The vertebral count is
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the same as in S. calvertensis, as far as the latter is known. No forelimb material or 
petrosal is known for S. whitmorei, and the only tympanic bullae referred to this species 
are isolated specimens. Eleven characters are suggested for distinguishing between S. 
whitmorei and S. calvertensis; seven possible apomorphies of the Squalodonddae are 
suggested, including an upturned rostrum, an oval rather than circular humeral head, and 
the first incisor lying directly dorsal to the second.
Squalodonts seem to have filled an ecological niche similar to that of the larger 
modem dolphins such as the false killer whale and the bottlenosed dolphin; that is, 
opportunistic predators on fish, small mammals, and squid. The rather weak squalodont 
skull structure suggests that these animals did not feed on animals significantly larger than 
themselves, as do killer whales. The more complex tooth form seen in squalodonts when 
compared to their modem analogs’ more simple, conical teeth is probably due to the 
constraint in tooth form in modem forms, which evolved from fish-eating ancestors. It 
appears that squalodonts may have also exhibited sexual dimorphism in both body size 
and incisor morphology, reminiscent of modem beaked whales.
The temporal and geographic distribution of squalodonts suggests that members 
of the family dispersed in the late Oligocene from Tethys, to North America, and from 
there to Europe and through Panama to Oregon. The lack of squalodonts in Japan, and 
their disappearance from North America and Europe when ocean temperatures dropped in 
the middle Miocene, indicate that squalodonts were limited to warmer waters. Falling 
temperatures and a breakdown of dispersal routes with the closure of eastern Tethys, 
Gibraltar, and Panama may have contributed to their extinction.
The detailed study of the North American squalodonts has led to several 
significant new areas of understanding for the group. Diet and sexual dimorphism have 
rarely been discussed for any fossil whales, and almost never for squalodonts. It is now 
possible, with incisors, to be able to at least tentatively identify the sex of a squalodont 
fossil. The new understanding of squalodont diet contributes to the understanding of the
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Miocene marine ecosystem, and indirectly to the evolutionary history of modem high- 
level consumers such as the killer whale.
While the evolution of cetacean groups has been discussed extensively, the 
disappearance of whale species has not received much attention. The possible 
environmentally-related extinction of squalodonts is indicative of the wide-ranging effects 
that tectonic changes can have on faunas at all levels
Several future lines of research are suggested by this work. Squalodonts (for that 
matter, cetaceans in general) are in need of detailed and comprehensive study such as that 
carried out in this project. The mutability of cetacean osteology makes a specimen-by- 
specimen study imperative to systematic studies at higher taxonomic levels. Poor 
knowledge of species-level diversity can lead to erroneous ideas as to the importance of 
groups in both systematic and ecological contexts.
A detailed comparison of all the squalodonts, particularly S. calvertensis and the 
European S. bariensis, is needed to determine synonymies beyond a single continent. 
When the species identifications are more stable, a species level cladistic analysis should 
be carried out to determine relationships within the family. The proposed dispersal route 
predicts certain characteristics for a squalodont cladogram; a better understanding of the 
systematics should lead to a better understanding of the dispersal. The dispersal theories 
also predict that squalodonts should be found in appropriate age rocks from the Caribbean 
and Gulf of Mexico. Although middle Miocene outcrops in this area are rare, those that 
are known to produce vertebrates should be excavated more extensively. Finally, 
published biostratigraphic data on the Atlantic coastal plain deposits leaves much to be 
desired. An updated version of Shattuck’s 1904 work is in order, to facilitate study of all 
aspects of the geology and paleontology of the Atlantic Ocean coastal sediments.
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APPENDIX A 
MEASUREMENTS OF SQUALODONT SPECIMENS
The following tables give measurements, in mm, of squalodont specimens from 
North America. There are tables for forelimb elements, mandibles, petrosals, skull 
material, sterna, teeth, tympanic bullae, and vertebrae. Included are specimens which are 
tentatively assigned to the Squalodontidae, and specimens which are labelled as 
squalodont on specimen cards but which probably belong to other groups instead. These 
specimens are so identified in the “Notes” column in each table. Likewise, holotype 
specimens are identified in the “Notes” column.
The “Locality Code” column refers to locality numbers listed in Appendix 2. In 
the teeth table, “Group #” refers to the following: Group I are incisors, Group II are other 
single-rooted teeth (canines and anterior buccal teeth), Group 3 are double-rooted teeth 
with complete root fusion (generally anterior buccal teeth), and Group 4 are double- or 
triple-rooted teeth with unfused roots (posterior buccal teeth).
Abbreviations in the “Associated Material” column are as follows: LE = limb 
elements, M = mandible, P = petrosal, R = ribs, Sk = skull, St = sternum, T = teeth, TB 
= tympanic bulla.
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Measurements
Limb Elements
Catalog Number Element Side Scapula-
length
overall
Scapula-
height
overall
Glenoid-
length
Glenoid-
width
Coracoid-
length
Acromion-
length
Humerus-
length
overall
Humerus-
width
midshaft
Humerus-
depth
midshaft
Humerus-
length
distally
MCZ 16482 Scapula L 118+ 98+ 57 35 19 - - - - -
USNM 10484 Ulna L? - - - - -- - - - -- --
USNM 10949 Mil ? - - - - - - - - -- -
USNM 22902 All L 285+ 169+ 51 48 6 114+ 168 38 73 86
USNM 187408 Ulna ? -- - - - - - - - - -
USNM 3283 4 3 Humerus R - - - - -- - 155 37 60 75
USNM 4 5 4 7 7 7 Humerus L - - - - - - 115 25 47 40
USNM 4 9 8 7 4 0 Hu-Ra-UI R - - - - - - 131 + 50 - 52
USNM 4 9 8 7 4 3 Sc-Hu L 197+ 127+ 60 44 19+ 24+ 153+ 43+ 65+ 63
Accn 4 0 0 9 3 4 Ulna - - - -- - - - - - -
CMM-V-208 S-U-Pis-Car L 288+ 219+ 67 54 NA 67+ -- - -- -
CMM-V-900 Scapula R 174+ 107+ 27 25 NA 53+ - -- - -
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Measurements
Limb Elements
Catalog Number Humerus-
width
distally
Humerus-
head
length
Humerus-
head
width
Radius-
length
overall
Radius-
width
midshaft
Radius-
depth
m idshaft
Radius-
length
proximally
Radius-
width
proximally
Radius-
length
distally
Radius-
width
distally
Ulna-
length
overall
Ulna-
width
midshaft
MCZ16482 - - - - - - -- - - - - -
USNM10484 - - - - - - - - - - 100 ???
USNM10949 - - - - - - - - - - - -
USNM 2 2 902 31 71 53 129 31 50 57 34 61 29 152 21
USNM187408 - -- -- - - - - - - - 101 16
USNM 3283 4 3 28 63 47 - - -- - - - - - -
USNM 4 5 4 7 7 7 22 40 26 -- - -- -- - - - - -
USNM 4 9 8 7 4 0 -- - - - - - 39+ -- - -- - -
USNM 4 9 8 7 4 3 38 - - - - -- - - - - - -
Accn 4 0 0 9 3 4 -- - - - - - - - - - 108 23
CMM-V-208 - - - - - - -- - - - 152 27
CMM-V-900 - - - - - - - - - - - -
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Measurements
Limb Elements
Catalog Number Ulna-
depth
midshaft
Ulna-
length
distally
Ulna-
width
distally
Ulna-
length
sig.-ole.
Ulna-
thickness
olecranon
Pisiform-
length
Pisiform- 
height a t 
base
Radiale-
length
Inter-
medium-
length
Ulnare-
length
Magnum-
length
Unciform-
length
Ml-
length
MCZ16482 - - - - - - - - - - - - -
USNM 10484 ??? 30+ 18 ??? ??? - - -- - - -- - -
USNM 10949 - - - - - - - - - - - - -
USNM 22902 43 55 23 84+ 14 51 31 38 34 32 40 43 30
USNM187408 28 32 19 50+ 12 - - -- - - - - -
USNM 328343 - - - - - - - - - - - - -
USNM 4 5 4 7 7 7 - - - - - - - - -- - - - -
USNM 4 9 8 7 4 0 - - - 35+ - - - - - - - - -
USNM 4987 4 3 -- - - - - - - -- - - - -- -
Accn 4 0 0 9 3 4 34 40 23 56 16 - - - - - - - -
CMM-V-208 4 6 63 28 87+ - 63 - - - - - - -
CMM-V-900 - - - - - - -- - - - - - -
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Measurements
Limb Elements
Catalog Number Mll-
length
Mlll-
length
MIV-
length
MV-
length
Locality
code
Collector A ssociated material N otes
MCZ16482 - - - - 4? Frost, 1921 Labelled Saurocetus
USNM 10484 - -- - - 11 Boss, 1921 Sk, M, V, T, R, P Type S. calvertensis
USNM 10949 74 - - - 16 Boss & Kellogg, 1924 Sk
USNM 22902 55+ 72 76 74 17 Hotton e t  al., 1962 T, Sk, V, M, St, R, TB
USNM 187408 - - - - 23 Ray e t al.
USNM 328343 - - - - 15 Savoie & Whitmore, 1979 P, V, Sk, R, T
USNM 4 5 4 7 7 7 - - - - 23 Hyne & Hyne, da te?
USNM 4 9 8 7 4 0 - - - - 53 Riker, 1993
USNM 4987 4 3 - - - -- 25 Bohaska e t  al., 1990 Sk, M, TB, T, P, V
Accn 4 0 0 9 3 4 - - - - 52 Simonson, 1992
CMM-V-208 - - - - 54 Bohaska, 1987 T, Sk, V, T
CMM-V-900 - - -- -- 55 Bohaska, 1983 Not Squalodon?
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
Measurements
Mandibles
Catalog Number Side Alveolus
position
Alveolus
length
Alveolus
width
Total
length
Maximum
height
Depth at 
coronoid
Minimum 
thickness- 
too th  row
Minimum 
width- 
too th  row
Maximum 
width- 
too th  row
Length-
too th
row
Height 
a t last 
molar
AMNH 477 R 335+ — - - — 50+ — —
1 (P4?) 37 30
2 (P5?) 39 29
3 (M l?) 49 -
4 (M2?) 47 -
MCZ16965 L 280+ 47+ - 47 34 — — —
1 (B5?) 22 18
2 (B6?) 26 19
3 (B7?) 29 17
4 (B8?) 29 17
5 (B9?) 28 16
6 (B10?) 28 16
7 (B11?) 14+ 14
USNM 10484 L 604+ 152+ 152 36 20 27 — 53
1 (B4?) 25 13
2 (B5?) 23 13
3 (B6?) 29 12
4 (B7?) 30 12
5 (B8?) 31 11
USNM 10695 #1 L 367+ 58+ - 42 — - — —
B3? - 16
B4? 25 15
USNM 10695 #2 L - - - - . . - — -
12? ~ 18
1 3? 24 18
C ? 23 18
USNM 22902 L 825 153+ - - 27 — 514 —
1 1 22 19
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M easurements
Mandibles
Catalog Number Height-
condyle
Width-
condyle
Locality
code
Collector A ssociated material Notes
AMNH 477 — — 4 ??? See Allen 1887.
MCZ16965 - - 4? ??? Type S. crassus Allen 1926.
USNM 10484 - - 11 Boss, 1921 Sk,T, V, LE, R, P Type S. calvertensis
USNM 10695 #1 - - 13 Palmer, 1916 Sk, T See Kellogg 1923
USNM 10695 #2 - - 13 Palmer, 1916 Sk, T See Kellogg 1923
USNM 22902 50+ 41 + 17 Hotton e t  al., 1962 T, Sk, V, LE, St, R, TB
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Measurements
Mandibles
Catalog Number Side Alveolus
position
Alveolus
length
Alveolus
width
Total
length
Maximum
height
Depth a t 
coronoid
Minimum 
thickness- 
too th  row
Minimum 
width- 
to o th  row
Maximum 
width- 
too th  row
Length-
too th
row
Height 
a t last 
molar
1 2 - 19
1 3 — -
C 24 18
B1 32 18
B2 28 18
B3 28 18
B4 27 15
B5 26 17
B6 33 17
B7 32 15
B8 29 12
USNM 2 3 024 R 527+ — — — 45- 68+ 527+ —
P 4 33 24
P 5 33 24
M 1 37 25
M 2 44 23
M 3 47 22
M 4 41 20
M 5 39 18
M 6 37 18
USNM 23537 R — — — — — — — — — — —
USNM 259 1 0 L 460+ 143+ - 40- 28- — — —
M 5 24 10
USNM 25946 R 324+ - -- SI 37 - 324+ -
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Measurements
Mandibles
Catalog Number Height-
condyle
Width-
condyle
Locality
code
Collector A ssociated material Notes
USNM 2 3 024 — — 18 King, 1939 T
USNM 23537 35+ 30+ 19 Mongelli & Anthony, 1965 Sk, T, V, R, P
USNM 2 5 910 37 30 20 Fisher, 1969 T
USNM 25946 - - 25 McCreary, 1969 T
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Measurements
Mandibles
Catalog Number Side Alveolus
position
Alveolus
length
Alveolus
width
Total
length
Maximum
height
Depth a t 
coronoid
Minimum 
thickness- 
too th  row
Minimum 
width- 
to o th  row
Maximum 
width- 
too th  row
Length-
too th
row
Height 
a t last 
molar
P 1 31 23
P 2 36 19
P 3 34 19
P 4 35 20
P 5 30 19
M 1 36 20
M 2 41 22
USNM 167600 L 421 + 63+ — — 40- — 421 + —
1 - 19
2 29 20
3 27 21
4 28 19
5 27 18
6 29 17
7 30 17
8 32 18
9 39 -
USNM 181575 L&R 389+ - — - — — — —
LL 1 39 27
LL 2 44 -
LL 6 31 20+
LR 1 27 -
LR2 35 ~
LR 3 43 -
LR4 43 -
USNM 183023 L - - - 848+ 295+ 295+ 85 53 60 - 93
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Measurements
Mandibles
Catalog Number Height-
condyle
Width-
condyle
Locality
code
Collector A ssociated material N otes
USNM 167600 - - 26 Myrick, 1970
USNM 181575 - - 23 Walker, 1968 Sk S. whitmorei
USNM 183023 - -- 32 Kunlo, 1975 Sk, T, St, V, R Type S. whitmorei
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Measurements
Mandibles
Catalog Number Side Alveolus
position
Alveolus
length
Alveolus
width
Total
length
Maximum
height
Depth a t 
coronoid
Minimum 
thickness- 
to o th  row
Minimum 
width- 
too th  row
Maximum 
width- 
too th  row
Length-
too th
row
Height 
a t last 
molar
USNM 183055 R - — - — - ~ — - — — —
USNM 2144 2 6 L 216+ - - 41- 36- - — —
1 28 18
2 31 16
3 36 16
4 36 16
5 33 14
USNM 243909 Sym. 125+ - - ~ - 46++ - —
USNM 299778 L 97+ - - — 22 — — —
1 17 8
2 19 8
3 22 -
USNM 359875 L 118+ - - 58 40 — — —
1 29 16
2 31 16
USNM 4 4 9 6 0 6 L 332+ 55+ - — 39 — — —
9 31 18
10 29 19
11 29 19
12 30 19
13 33 16
14 31 15
15 28 15
16 13 11
USNM 4 4 9 6 0 7 R 133+ 52+ - 52- 34- — — —
1 26 16
2 26 16
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Measurements
Mandibles
Catalog Number Height-
condyle
Width-
condyle
Locality
code
Collector Associated material Notes
USNM 183055 46 26+ 30 Jacobs e t  al., 1976 T,Sk, P, TB
USNM 2 1 4 4 2 6 - - 37 Lore, da te  ?
USNM 2 4 3909 ~ - 23 Harmatuk, 1976 S. whitmorei
USNM 299778 - - 23 Riker, 1980
USNM 359875 - - 23 Olsen e t  al., 1982
USNM 4 4 9 6 0 6 - - 23 Harmatuk, 1975
USNM 4 4 9 6 0 7 - - 23 Hyne & Hyne, da te?
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Measurements
Mandibles
Catalog Number Side Alveolus
position
Alveolus
length
Alveolus
width
Total
length
Maximum
height
Depth a t 
coronoid
Minimum 
thickness- 
too th  row
Minimum 
width- 
too th  row
Maximum 
width- 
too th  row
Length-
too th
row
Height 
a t last 
molar
3 26 14
USNM 4530 0 5 ? 150+ - - - - — — —
USNM 4 5 3 0 0 6 R 156+ 41 + — 41- 33- 33+ — —
USNM 4987 4 3 L 662+
R 661 +
CMM-V-206 L 2 - 25 182+ - - - - - — -
CMM-V-899 L 543+ 78+ - - 51- — — —
P3 36 27
P4 38 29
P5 43 29
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Measurements
Mandibles
Catalog Number Height-
condyle
Width-
condyle
Locality
code
Collector Associated material Notes
USNM 4530 0 5 - — 23 Collector?, 1983 T
USNM 4 5 3 0 0 6 - - 23 Hyne & Hyne, date? T Ass. w / non-Sq. mandible
USNM 4987 4 3 25 Bohaska e t  al., 1990 Sk,T, TB, LE, P, V
42+ 43 25 Bohaska e t  al., 1990 Sk, T, TB, LE, P, V
CMM-V-206 - - 55
CMM-V-899 - - 15 S. whitmorei
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Measurements
Petrosals
Catalog Number Side G reatest
Length
Length-
Labyrin.r
egion
Breadth-
Labyrin.
region
Locality
Code
Collector A ssociated material N otes
USNM 10484 R 42 16 21 11 Boss, 1921 Sk, M, V, LE, R, T Type S. calvertensis
USNM 25481 R 45 16 22 23 Case, 1968
USNM183055 R 38+ 18 23 30 Jacobs e t  al., 1976 M,Sk, T, TB
USNM187407 L 41 15 19 23 McLellan, 1968
USNM187315 R 40+ 18 23 36 My rick, 1969 T, Sk, TB R. on loan-unavailable
USNM 2 1 4 6 4 4 R 44 16 20 31 Fanning, 1974 T,Sk
USNM 2996 2 3 L 39+ 14 21 23 Case, date?
USNM 3 1 0 5 9 4 R 30 11 18 23 unknown TB-not squalodont
R 33+ 13 20 23 unknown TB-not squalodont
USNM 3105 9 7 R 37+ 14 21 23 Womble, date?
USNM 3105 9 9 L 36+ 15 20 23 Harmatuk, da te?
USNM 3 1 0 6 0 0 L 38 16 20 23 Harm atuk,1975
USNM 3 2 8343 L 45 15 21 15 Savoie & Whitmore, 1979 T, V, Sk, R, LE
R 42 15 21 15
USNM 3 4 7939 L 38+ 16 20 23 Harmatuk, 1975
USNM 3 4 7949 R 31 + 14 19 23 Harmatuk, 1975
USNM 3 5 9849 L 45 15 20 23 Harmatuk, 1975
USNM 359871 L 38+ 15 20 23 Schneider 1980
USNM 4 4 9 6 0 4 L 41 + 13+ 17+ 23 Hyne & Hyne, date?
R 37+ 11 + 14+ 23 Hyne & Hyne, date?
USNM 4 4 9 6 0 8 L 37+ 15 19 23 Hyne & Hyne, date?
R 29+ - - 23 Hyne & Hyne, date?
L 37+ 14 18 23 Hyne & Hyne, date?
USNM 4 6 0 2 6 6 L 41 16 20 23 Harmatuk, 1975
USNM 4 9 8 7 4 3 R 48+ 18 24 25 Bohaska e t  al., 1990 Sk, M, TB, LE, T, V
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Measurements
Skull
Catalog Number Alveolus
position
Alveolus
length
Alveolus
width
Total 
length 
of skull
Length-
Rostrum
Width a /c
supra-
orbitals
Width a /c
zygomatic
processes
Total
Height
Height a t
rostrum
base
Length-
left
maxilla
Length-
right
maxilla
AMNH 475 500+ 500+ - - - 56++ 250+ 293+
LI 1 - -
RI2 - -
LI 2 26+- 25+-
Rl 2 27 24+
LI 3 33+- -
Rl 3 36 32
LC 37+- 30+
RC 36 32
LP 1 34 29
RP 1 35 31
LP 2 35 29
RP 2 33 31
LP 3 37 30
RP 3 35 30
LP 4 41 -
RP 4 42 32+-
A NSP11220 - - - ~ - - 170+ -
LM 2? 30 14
LM 3? 32 14
LM 4? 30 13
ANSP11221 - - ~ - - — - 198+
RM 1? - 15
RM 2? 31 15
RM 3? 32 14
RM 4? 30 14
RM 5? 28 12
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Measurements
Skull
Catalog Number Width a /c  premax­
illae a t  anterior end 
of mesethm oid
Width a /c  premax­
illae a t anterior end 
of nasals
Width a /c  premax­
illae a t rostrum 
minimum
Maximum width left 
premaxilla anterior to  
mesethm iod
Maximum width right 
premaxilla anterior to  
mesethm iod
AMNH 475 - - 32+ - -
A NSP11220 - - - - -
A NSP11221 - - - - -
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Measurements
Skull
Catalog Number Maximum width 
left premaxilla 
distally
Maximum width 
right premaxilla 
distally
Minimum 
width left 
premaxilla
Minimum 
width right 
premaxilla
Width of 
rostrum 
a t  base
Minimum 
width of 
rostrum
Length-left frontal 
plate b /w  preobital 
processes.
Length-right frontal 
p late b /w  preobital 
p rocesses.
AMNH 475 37 39+- 16+ 21 -- 80 - -
ANSP 11220 - - - - - - - -
ANSP11221 - - - - - - - -
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M easurements
Skull
Catalog Number Length-left 
frontal plate
Length-right 
frontal plate
Maximum 
width-left 
frontal plate
Maximum 
width-right 
frontal plate
Minimum width- 
premaxillae on 
vertex
Maximum length-left 
supraorbital process
Maximum length- 
right supraorbital 
process
AMNH 475 - -- -- - - - -
ANSP11220 - - - - - - -
ANSP11221 - - - - - - -
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Measurements
Skull
Catalog Number Maximum thickness 
left preorbital 
process
Maximum thickness 
right preorbital 
process
Width-
intertemporal
constriction
Height-vertex to  
top  of foramen 
magnum
Height-
foramen
magnum
Maximum width 
a /c  occipital 
condyles
Maximum 
diam eter-left 
occipital condyle
AMNH 475 -- ~ - - - - -
ANSP 11220 - - - - - - -
A NSP11221 -- - - - - — —
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Measurements
Skull
Catalog Number Maximum 
diam eter-right 
occipital condyle
Length-left
nasal
passage
Length-right
nasal
passage
Maximum 
diam eter 
left zygoma
Maximum 
diam eter 
right zygoma
Distance b /w  left 
zygoma & 
postorbital process
Distance b /w  left 
zygoma & 
postorbital process
AMNH 475 - - - - -- - -
A NSP11220 - - - - - - -
ANSP11221 - - - - - - - —
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
w
ithout perm
ission.
Measurements
Skull
Catalog Number Width a /c
basioccipital
c res ts
Maximum
width-
supraoccipital
Total
length-
vomer
Length-
left
nasal
Length-
right
nasal
Length-left 
frontal on 
vertex
Length-right 
frontal on 
vertex
Width across 
exposed posterior 
frontal
Length-
frontal/nasals
medially
AMNH 475 - - - - - - - - -
ANSP 11220 - - - -- - - - - -
A NSP11221 - - - - - - - - —
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Measurements
Skull
Catalog Number Width-
glenoid
fosssa
Length-
glenoid
fosssa
Distance-last M 
to  antorbital 
notch
Locality
Code
Collector A ssociated material Notes
AMNH 475 - - - 5 Tiedeman, c .1886 Type, S. tiedemani.
A N SP11220 - 7 ??? T See Kellogg 1923.
ANSP 11221 - 7 ??? T See Kellogg 1923.
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Measurements
Skull
Catalog Number Alveolus
position
Alveolus
length
Alveolus
width
Total 
length 
o f skull
Length-
Rostrum
Width a /c
supra-
orbitals
Width a /c
zygomatic
processes
Total
Height
Height a t
rostrum
base
Length-
left
maxilla
Length-
right
maxilla
USNM 10484 750+ 485+ 270 290 174 77 578+ 578+
LP 4? 25 14
LP 5? 25 13
LM 1? 26 14
LM 2? 33 13
LM 3? 39 14
LM 4? 27 16
RP 4? 22 17
RP 5? 24 13
RM 1? 25 13
RM 2? 30 13
RM 3? 28 16
RM 4? 25 15
USNM 10695  maxi - - - - - - - 179+ -
1 3? 29 18
C ? 28 18
P 1? 28 17
USNM 10695 maxZ - - - - - - - 147
P-M 32 18
P-M 30 -
USNM 10695 squa. - - - - - - - - - - - - ~
USNM 10695 vrtx. - - - - - - - - - - -
USNM10949 610+ 409+ 264+ - - 81 610+ 600+
USNM 2 2 902 - - - - - - - - - - - - -
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Measurements
Skull
Catalog Number Width a /c  premax­
illae a t anterior end 
of mesethm oid
Width a /c  premax­
illae a t anterior end 
of nasals
Width a /c  prem ax­
illae a t rostrum 
minimum
Maximum width left 
premaxilla anterior to  
mesethm iod
Maximum width right 
premaxilla anterior to  
mesethm iod
USNM 10484 90 68 19 ??? 36
USNM 10695 maxi - - - -- -
USNM 10695  max2 - - - - -
USNM 10695  squa. -- - - - -
USNM 10695  vrtx. -- - - - —
USNM 10949 - 55 34- 37 34
USNM 2 2 902 -- - - - -
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Measurements
Skull
Catalog Number Maximum width 
left premaxilla 
distally
Maximum width 
right premaxilla 
distally
Minimum 
width left 
premaxilla
Minimum 
width right 
premaxilla
Width of 
rostrum 
a t base
Minimum 
width of 
rostrum
Length-left frontal 
p late b /w  preobital 
processes.
Length-right frontal 
plate b /w  preobital 
processes.
USNM10484 ??? 17+ ??? 10 134 50 ??? ???
USNM 10695 maxi - - - - - - — —
USNM 10695 max2 - -- - - - - - -
USNM 10695 squa. - - - - - - - -
USNM 10695 vrtx. — - - - - - — —
USNM 10949 - - - - 155 61- 113 106
USNM 22902 - - - - - - - -
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Measurements
Skull
Catalog Number Length-left 
frontal plate
Length-right 
frontal plate
Maximum 
width-left 
frontal plate
Maximum 
width-right 
frontal plate
Minimum width- 
premaxillae on 
vertex
Maximum length-left 
supraorbital process
Maximum length- 
right supraorbital 
process
USNM 10484 ??? 166 ??? 70 ??? 108 -
USNM 10695 m axi - - - - - — -
USNM 10695 max2 - - - - - - -
USNM 10695 squa. - - - - - - -
USNM 10695 vrtx. - - - - - — -
USNM10949 194 182 - 73+- 62 - -
USNM 22902 - - - - - - -
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Measurements
Skull
Catalog Number Maximum thickness 
left preorbital 
process
Maximum thickness 
right preorbital 
process
Width-
intertemporal
constriction
Height-vertex to  
to p  of foramen 
magnum
Height-
foramen
magnum
Maximum width 
a /c  occipital 
condyles
Maximum 
diam eter-left 
occipital condyle
USNM10484 ??? 28 121 123 36+ 95 ???
USNM 10695  maxi - - - - - — —
USNM 10695  max2 — - - - - — —
USNM 10695  squa. - - - - — — —
USNM 10695  vrtx. -- - - - - - -
USNM 10949 39 28 - - — — —
USNM 22902 36 - -- - -- - -
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Measurements
Skull
Catalog Number Maximum 
diam eter-right 
occipital condyle
Length-left
nasal
passage
Length-right
nasal
passage
Maximum 
diam eter 
left zygoma
Maximum 
diam eter 
right zygoma
Distance b /w  left 
zygoma & 
postorbital process
Distance b /w  left 
zygoma & 
postorbital process
USNM 10484 50 - - 108 106 64 ???
USNM 10695 maxi - -- - - - - -
USNM 10695 max2 - - - - - - -
USNM 10695 squa. - -- - ??? - — -
USNM 10695 vrtx. - -- -- - -- - -
USNM 10949 - - - - - - -
USNM 22902 - - - - - — -
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Measurements
Skull
Catalog Number Width a /c
basioccipital
cres ts
Maximum
width-
supraoccipital
Total
length-
vomer
Length-
left
nasal
Length-
right
nasal
Length-left 
frontal on 
vertex
Length-right 
frontal on 
vertex
Width across 
exposed posterior 
frontal
Length-
frontal/nasals
medially
USNM10484 113 150 417+ ??? 21 ??? 31 ??? ???
USNM 10695 maxi - - - - - - - - -
USNM 10695  max2 - - - - - - ~ - -
USNM 10695  squa. -- - - - - - - - —
USNM 10695 vrtx. - - - - 21 - 32 — 53
USNM10949 - - - 356+ - - - - 66 50
USNM 22902 - - - - - - - - -
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Measurements
Skull
Catalog Number Width-
glenoid
fosssa
Length-
glenoid
fosssa
Distance-last M 
to  antorbital 
notch
Locality
Code
Collector A ssociated material Notes
USNM 10484 ??? ??? 62 11 Boss, 1921 T, M, V, LE, R, P Type S. calvertensis
USNM 10695  maxi - - - 13 Palmer, 1916 T, M See Kellogg 1923
USNM 10695  max2 - - - 13 Palmer, 1916 T, M See Kellogg 1923
USNM 10695  squa. 53 100+ -- 13 Palmer, 1916 T, M See Kellogg 1923
USNM 10695  vrtx. - - - 13 Palmer, 1916 T, M See Kellogg 1923
USNM 10949 - - 84 16 Boss & Kellogg, 1924 LE
USNM 229 0 2 - - - 17 H otton e t  al., 1962 T, M, V, LE, St, R, TB
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ission 
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ner. 
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Measurements
Skull
Catalog Number Alveolus
position
Alveolus
length
Alveolus
width
Total 
length 
of skull
Length-
Rostrum
Width a /c
supra-
orbitals
Width a /c
zygomatic
p rocesses
Total
Height
Height a t
rostrum
base
Length-
left
maxilla
Length-
right
maxilla
USNM 23537 680+ 589 - - -- 76 547+ 600+
LP 1 18 11
LP 2 20 11
LP 3 21 11
LP 4 21 11
LP 5 20 12
LM 1 21 11
LM 2 22 12
LM 3 — ~
LM 4 23 -
LM 5 23 12
LM 6 23 -
LM 7 22 -
RP 1 15 9
RP 2 ~ 10
RP 3 17 10
RP 4 19 10
RP 5 19 10
RM 1 22 11
RM 2 20 10
RM 3 21 11
RM 4 21 10
RM 5 - -
RM 6 - -
RM 7 - -
USNM 25359
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Measurements
Skull
Catalog Number Width a /c  premax­
illae a t anterior end 
of mesethm oid
Width a /c  premax­
illae a t anterior end 
of nasals
Width a /c  premax­
illae a t rostrum 
minimum
Maximum width left 
premaxilla anterior to  
mesethm iod
Maximum width right 
premaxilla anterior to  
mesethm iod
USNM 235 3 7 -- - - 36 36+
USNM 2 5 359
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Measurements
Skull
Catalog Number Maximum width 
left premaxilla 
distally
Maximum width 
right premaxilla 
distally
Minimum 
width left 
premaxilla
Minimum 
width right 
premaxilla
Width of 
rostrum 
a t base
Minimum 
width of 
rostrum
Length-left frontal 
plate b /w  preobital 
processes.
Length-right frontal 
plate b /w  preobital 
processes.
USNM 2 3 537 23 24 12 14 - - - -
USNM 253 5 9
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Measurements
Skull
Catalog Number Length-left 
frontal plate
Length-right 
frontal plate
Maximum 
width-left 
frontal plate
Maximum 
width-right 
frontal plate
Minimum width- 
premaxillae on 
vertex
Maximum length-left 
supraorbital process
Maximum length- 
right supraorbital 
process
USNM 23537 - — - 68+ - - -
USNM 25359
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Measurements
Skull
Catalog Number Maximum thickness 
left preorbital 
process
Maximum thickness 
right preorbital 
process
Width-
intertemporal
constriction
Height-vertex to  
top  of foramen 
magnum
Height-
foramen
magnum
Maximum width 
a /c  occipital 
condyles
Maximum 
diam eter-left 
occipital condyle
USNM 23537 - 25 - - - - 53
USNM 2 5 359
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Measurements
Skull
Catalog Number Maximum 
diameter-right 
occipital condyle
Length-left
nasal
passage
Length-right
nasal
passage
Maximum 
diam eter 
left zygoma
Maximum 
diam eter 
right zygoma
Distance b /w  left 
zygoma & 
postorbital process
Distance b /w  left 
zygoma & 
postorbital process
USNM 23537 55 - - 116 - ~ -
USNM 25359
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Measurements
Skull
Catalog Number Width a /c
basioccipital
c res ts
Maximum
width-
supraoccipita!
Total
length-
vomer
Length-
left
nasal
Length-
right
nasal
Length-left 
frontal on 
vertex
Length-right 
frontal on 
vertex
Width across 
exposed posterior 
frontal
Length-
frontal/nasals
medially
USNM 23537 - - 218+ - -- - - - -
USNM 25359
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Measurements
Skull
Catalog Number Width-
glenoid
fosssa
Length-
glenoid
fosssa
D istance-last M 
to  antorbital 
notch
Locality
Code
Collector Associated material N otes
USNM 23537 ??? ??? 84 19 Mongelli & Anthony, 1965 T, M, V, R, P
USNM 25359 23 Case, 1967 Indeterminate.
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Measurements
Skull
Catalog Number Alveolus
position
Alveolus
length
Alveolus
width
Total 
length 
of skull
Length-
Rostrum
Width a /c
supra-
orbitals
Width a /c
zygomatic
processes
Total
Height
Height a t
rostrum
base
Length-
left
maxilla
Length-
right
maxilla
USNM 181575 389+ 389+ - - - - - -
UL 3 36 -
UR 5 23 24+
USNM 182923 - - - - - - - - — 133+ —
USNM 183055 - - - - - - - — — — —
USNM 187315 - ~ - 774+ 540 221 + - - - 592 613
USNM 2 1 4644 - - - - - - - - - - -
USNM183023 1159+ 7 82 337 - - 115 898+ 846+
UR 2 32 26
UR 3 33 27
UR 4 29 26
UR 5 32 24
UR 6 40 24
UL 1 33 26
UL 2 32 26
UL 3 30 24
UL 4 31 22
UL 5 37 27
UL 6 4 4 32
USNM 214592 indet.
USNM 244538 173+ 173+ - - - - - —
USNM 328292
USNM 328343 443+ 199+ 264 268 157 84 306+ 343+
RM 6? 20 8
RM 7? 12 8
LM 7? 17 8
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Measurements
Skull
Catalog Number Width a /c  premax­
illae a t anterior end 
of mesethm oid
Width a /c  premax­
illae a t anterior end 
of nasals
Width a /c  premax­
illae a t rostrum 
minimum
Maximum width left 
premaxilla anterior to  
mesethm iod
Maximum width right 
premaxilla anterior to  
mesethm iod
USNM 181575 - - - - - -
USNM 182923 - - - - -
USNM 183055 - ~ - - -
USNM 187315 - 80 - 32 29
USNM 2146 4 4 - - - - —
USNM 183023 127 110 - 52 51
USNM 214592
USNM 244538 - - - - -
USNM 328292
USNM 328343 86 55 - 29 27
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ner. 
Further reproduction 
prohibited 
without perm
ission.
Measurements
Skull
Catalog Number Maximum width 
left premaxilla 
distally
Maximum width 
right premaxilla 
distally
Minimum 
width left 
premaxilla
Minimum 
width right 
premaxilla
Width of 
rostrum 
a t base
Minimum 
width of 
rostrum
Length-left frontal 
plate b /w  preobital 
processes.
Length-right frontal 
plate b /w  preobital 
processes.
USNM 181575 - - - -- 74+ - - -
USNM 182923 - - - -- - - - -
USNM 183055 - - - - - - - - -
USNM 187315 30 35 ??? ??? 173 - ??? ???
USNM 2146 4 4 ~ - - - - - 100 -
USNM183023 40 - 20 - 149+ 108 - 151
USNM 214592
USNM 244538 - - -- - - - - -
USNM 328292
USNM 328343 - ~ - - 144 80- 115 103
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ner. 
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Measurements
Skull
Catalog Number Length-left 
frontal plate
Length-right 
frontal plate
Maximum 
width-left 
frontal plate
Maximum 
width-right 
frontal plate
Minimum width- 
premaxillae on 
vertex
Maximum length-left 
supraorbital process
Maximum length- 
right supraorbital 
process
USNM 181575 - - ~ - _ - -
USNM 182923 -- - - - — - -
USNM 183055 - - - - 70+- - -
USNM 187315 188 177 - 100 71 - —
USNM 2146 4 4 - - - - -- ??? -
USNM 183023 - 274 61 + 64+ 92 - 121 +
USNM 214592
USNM 2445 3 8 - - - - - — —
USNM 328292 82 -
USNM 328343 166 163 64 69 53 111 121
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Measurements
Skull
Catalog Number Maximum thickness 
left preorbital 
process
Maximum thickness 
right preorbital 
process
Width-
intertemporal
constriction
Height-vertex to  
to p  of foramen 
magnum
Height-
foramen
magnum
Maximum width 
a /c  occipital 
condyles
Maximum 
diam eter-left 
occipital condyle
USNM181575 -- - - -- - - -
USNM182923 -- - - - - - -
USNM183055 19 - - - - - -
USNM187315 -- 19 180+ - - - -
USNM 2 1 4 6 4 4 23 - - - - - 56
USNM183023 -- 38 72+ - - - -
USNM 2145 9 2
USNM 2445 3 8 - - - - - - -
USNM 3282 9 2 22 - - - - - -
USNM 328343 25 30 159 119 21 + 94 51
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Measurements
Skull
Catalog Number Maximum 
diameter-right 
occipital condyle
Length-left
nasal
passage
Length-right
nasal
passage
Maximum 
diam eter - 
left zygoma
Maximum 
diam eter 
right zygoma
Distance b /w  left 
zygoma & 
postorbital process
Distance b /w  left 
zygoma & 
postorbital process
USNM 181575 - - — - - - -
USNM 182923 - - - - - - -
USNM 183055 - - - - - - -
USNM 187315 - - - - - - -
USNM 2146 4 4 - -- - 43 - - -
USNM183023 - 41 42 104+ 212 - -
USNM 2 1 4592
USNM 2 4 4538 - - - - - - -
USNM 3 2 8292 - - - - - - -
USNM 328343 49 - - - 47 49 10 2
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Measurements
Skull
Catalog Number Width a /c
basioccipital
c res ts
Maximum
width-
supraoccipital
Total
length-
vomer
Length-
left
nasal
Length-
right
nasal
Length-left 
frontal on 
vertex
Length-right 
frontal on 
vertex
Width across 
exposed posterior 
frontal
Length-
frontal/nasals
medially
USNM 181575 - - - - - - - — -
USNM 182923 - - - - - - - - -
USNM 183055 - - - - - - - — -
USNM 187315 - 149 - - - - - 106 46
USNM 2146 4 4 124 ~ - - -- - - - -
USNM 183023 - 23 4 432+ - - - - 202 94
USNM 214592
USNM 244538 - - - - - - - - -
USNM 328292 - - - - - -- - — -
USNM 328343 122 172 283+ - - - - 43 32
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Measurements
Skull
Catalog Number Width-
glenoid
fosssa
Length-
glenoid
fosssa
Distance-last M 
to  antorbital 
notch
Locality
Code
Collector A ssociated material Notes
USNM 181575 - - - 23 Walker, 1968 M S. whitmorei
USNM 182923 - - - 23 Case, 1973 T
USNM 183055 - - - 30 Jacobs e t  al., 1976 T, M, P, TB
USNM 187315 - - 80 36 Myrick, 1969 T, P, TB
USNM 2146 4 4 ??? ??? - 31 Fanning, 1974 T ,P
USNM 183023 ??? ??? 51 32 Kunlo, 1975 M, T, St, V, R Type, s. whitmorei
32
32
32
32
32
32
32
32
32
32
32
USNM 2 1 4592 39 USACE, 1975 Indeterm inate.
USNM 2445 3 8 - - - 23 Boyd, da te T
USNM 328292 - - - - 43 Ludwig, 1965
USNM 328343 ??? ??? 65 15 Savoie & Whitmore, 1979 P, V, T, R, LE
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Measurements
Skull
Catalog Number Alveolus
position
Alveolus
length
Alveolus
width
Total 
length 
of skull
Length-
Rostrum
Width a /c
supra-
orbitals
Width a /c
zygomatic
processes
Total
Height
Height a t
rostrum
base
Length-
left
maxilla
Length-
right
maxilla
USNM 4 2 4 0 7 0 1069+ 596+ 3 30 200 115 940+ 856+
UR 1 34 31
UR 2 33 27
UR 3 32 28
UR 4 28 22
UL 1 41 31
UL 2 33 28
UL 3 33 29
UL 4 34 29
UL 5 36 29
USNM 4 4 9 5 4 6 347+ 347+ - - - - - -
USNM 449571 268+ 268+ - - - — - -
USNM 449601 141 + 141 + - - - 34+ — —
L 1 2 0 14
L 2 20 14
L 3 19 14
L 4 20 14
USNM 4 4 9 6 0 3 141 + 141 + -- - - - - -
1 21 13
2 19 12
3 18 -
USNM 4 5 3 0 0 7 132+ 132+ - - - — - —
USNM 4 9 8 7 4 3
CMM-V-208 - - - - - -- - -
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Measurements
Skull
Catalog Number Width a /c  premax­
illae a t  anterior end 
of mesethm oid
Width a /c  premax­
illae a t  anterior end 
of nasals
Width a /c  premax­
illae a t rostrum 
minimum
Maximum width left 
premaxilla anterior to  
m esethm iod
Maximum width right 
premaxilla anterior to  
m esethm iod
USNM 4 2 4 0 7 0 142 58 53
USNM 4 4 9 5 4 6 - - - - -
USNM 449571 - - - - —
USNM 449601 - - 32 - -
USNM 4496 0 3 - -- - - -
'
USNM 4530 0 7 -- -- - - -
USNM 4987 4 3
CMM-V-208 - - - - -
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Measurements
Skull
Catalog Number Maximum width 
left premaxilla 
distally
Maximum width 
right premaxilla 
distally
Minimum 
width left 
premaxilla
Minimum 
width right 
premaxilla
Width of 
rostrum 
a t base
Minimum 
width of 
rostrum
Length-left frontal 
plate b /w  preobital 
processes.
Length-right frontal 
plate b /w  preobital 
processes.
USNM 4 2 4 0 7 0 22 22 268 123 128+ 115+
USNM 4 4 9 5 4 6 - - - - 135 - - —
USNM 449571 - - - - 130 - - —
USNM 449601 - - - -- - - - —
USNM 4 4 9 6 0 3 - - - - - - - -
USNM 4 5 3 0 0 7 -- - - - - - - -
USNM 4987 4 3
CMM-V-208 - - - - - -- - -
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Measurements
Skull
Catalog Number Length-left 
frontal plate
Length-right 
frontal plate
Maximum 
width-left 
frontal plate
Maximum 
width-right 
frontal plate
Minimum width- 
premaxiilae on 
vertex
Maximum length-left 
supraorbital process
Maximum length- 
right supraorbital 
process
USNM 4 2 4 0 7 0 261 262 70+ 90+ 120
USNM 4 4 9 5 4 6 - -- - - - - -
USNM 449571 - - - - - - —
USNM 449601 -- - - - - - -
USNM 4 4 9 6 0 3 -- - - - - - -
USNM 4 5 3 0 0 7 - - - - - - -
USNM 4 9 8 7 4 3
CMM-V-208 - - - - -- - -
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Measurements
Skull
Catalog Number Maximum thickness 
left preorbital 
process
Maximum thickness 
right preorbital 
process
Width-
intertemporal
constriction
Height-vertex to  
to p  of foramen 
magnum
Height-
foramen
magnum
Maximum width 
a /c  occipital 
condyles
Maximum 
diam eter-left 
occipital condyle
USNM 4 2 4 0 7 0 34 33 261 192 72
USNM 4 4 9 5 4 6 - - - - -- - -
USNM 449571 - - - - - — —
USNM 449601 - - - - - - —
USNM 4 4 9 6 0 3 - - - - - - —
USNM 4 5 3 0 0 7 - - - - - ~ —
USNM 4 9 8 7 4 3
CMM-V-208 - - - - - - -
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Measurements
Skull
Catalog Number Maximum 
diameter-right 
occipital condyle
Length-left
nasal
passage
Length-right
nasal
passage
Maximum 
diam eter - 
left zygoma
Maximum 
diam eter 
right zygoma
Distance b /w  left 
zygoma & 
postorbital process
Distance b /w  left 
zygoma & 
postorbital process
USNM 4 2 4 0 7 0 - 62 - 98
USNM 4 4 9 5 4 6 - - - - - - -
USNM 449571 - - - - - - -
USNM 449601 - - - - - - -
USNM 4496 0 3 - - - - - — —
USNM 4530 0 7 -- - - - - - —
USNM 4987 4 3
CMM-V-208 - -- -- 55 -- - -
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Measurements
Skull
Catalog Number Width a /c
basioccipital
c res ts
Maximum
width-
supraoccipital
Total
length-
vomer
Length-
left
nasal
Length-
right
nasal
Length-left 
frontal on 
vertex
Length-right 
frontal on 
vertex
Width across 
exposed posterior 
frontal
Length-
frontal/nasals
medially
USNM 4 2 4 0 7 0 155+ 203 60 0 88 93 135+
USNM 4 4 9 5 4 6 - - - - - - - — -
USNM 449571 - - - - - ~ - - - -
USNM 449601 - - - - - - - - -
USNM 4 4 9 6 0 3 - - - - - - - — -
USNM 4 5 3 0 0 7 - - - - - - - - -
USNM 4 9 8 7 4 3 120
CMM-V-208 - - - - - - - - - -
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Measurements
Skull
Catalog Number Width-
glenoid
fosssa
Length-
glenoid
fosssa
Distance-last M 
to  antorbital 
notch
Locality
Code
Collector A ssociated material N otes
USNM 4 2 4 0 7 0 100 51 S. Thompson e t  al., date? S. whitmorei
USNM 4 4 9 5 4 6 - - - 23 unknown T
USNM 449571 - - 65 23 Schneider, da te? T
USNM 449601 - - - 23 Hyne & Hyne, da te? T
USNM 4496 0 3 - - - 23 Hyne & Hyne, da te? T (11), TB(3)
USNM 453007 - - - 23 Purdy, da te? T
USNM 4987 4 3 25 Bohaska e t al., 1990 T, M, TB, LE, P, V
CMM-V-208 - - - 54 Bohaska, 1987 TB, T, LE, V
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Measurements
Sterna
Catalog Number Length Maximum
width
Anterior
width
Posterior
width
Thickness Locality
Code
Collector Associated
Material
N otes
USNM 175382 165+ 88+ ??? ??? 8 29 Kaltenbach & Soger, 1970 V, R, T, TB
USNM 183023 220 192 151 77+ ??? 32 Kunlo, 1975 Sk, T, M, V, R Type s. whitmorei
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Measurements
Teeth
Catalog Number Position
(Group#)
Crown
Length
Crown
Width
Crown
Height
Overall
Height
Anterior
denticles
Posterior
denticles
Roots Locality
Code
AMNH 29022  (1) 1 13* 13* - 69+ - - 1 2
AMNH 29022  (2) 1 13* 10* - 33+ - - 1 2
AMNH 29022  (3) 1 12* 11* - 45+ -- -- 1 2
AMNH 29022  (4) 1 10 9 20+ 61 + 0 0 1 2
AMNH 2 9 022  (5) 1 11 10 20+ 67+ 0 0 1 2
AMNH 2 9 022  (6) II 11 11 16+ 71 + 0 0 1 2
AMNH 2 9 022  (7) lll-IV 18 14 22+ 67+ 1 3 2 fused 2
AMNH 29022  (8) lll-IV 16+* - - 35+ - - 2 fused 2
AMNH 2 9 022  (9) lll-IV 20* 14* - 58+ - - 2 fused 2
AMNH 48975 II 11 10 20+ 49+ 0 0 1 1
AMNH 4 8 976 II 10 8 19+ 45+ - - 1 1
AMNH 4 8 977 lll-IV 23 11 28+ 67+ - - 2 fused 1
AMNH 4 8 978 II 12 8 22 37+ 0 0 1 1
AMNH 4 8 979 lll-IV 23 10 17 51 0 2 2 fused top  1 /2 10
AMNH 104646 lll-IV 21 10 14 21 + 4 4 2 (or 3) fused 1
AMNH 104647 II 13 8 21 + 57+ - - 1 1
AMNH 104648 lll-IV 19+ 11 14+ 31 + - - 2 fused 1
A NSP10322 Not Sq.
ANSP 10324 Not Sq.
ANSP 10325 Not Sq.
A N SP10326 8 6 8+ 15+ 0 0 1 4
ANSP 10327 5 4 6+ 24+ 0 0 1 4
A N SP10328 5 4 10+ 25+ 0 0 1 4
A N SP10329 7+ 4 9 29+ 0 0 1 4
A NSP11217 lll-IV 25 12 18+ 54+ 0 4 2 fused top  1 /2 6
A NSP11218 lll-IV 27 13 22+ 57+ 2 4 2 fused to p  1 /2 6
A N SP11219 lll-IV 25 12 22 44 2 4 2 fused top  1 /2 6
ANSP 1 1 2 2 0 (1 ) LB 7? 29 13 23+ - 2 3 2 fused? 7
ANSP 11220  (2) LB 8? 31 13 23+ -- 2 3 2 fused? 7
ANSP 11220 (3) LB 9? 29 12 23+ -- 2 2 2 fused? 7
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Measurements
Teeth
Catalog Number Collector Associated Material Notes
AMNH 2 9 022  (1) Scarritt e t. al, 1933 TB Prosqualodon?
AMNH 2 9 022  (2) Scarritt e t. al, 1933 TB
AMNH 2 9 022  (3) Scarritt e t. al, 1933 TB
AMNH 2 9 022  (4) Scarritt e t. al, 1933 TB
AMNH 2 9 022  (5) Scarritt e t. al, 1933 TB
AMNH 2 9 022  (6) Scarritt e t. al, 1933 TB
AMNH 2 9 022  (7) Scarritt e t. al, 1933 TB
AMNH 2 9 022  (8) Scarritt e t. al, 1933 TB
AMNH 29022  (9) Scarritt e t. al, 1933 TB
AMNH 4 8 975 Brzostosk, 1977
AMNH 4 8 9 7 6 ???
AMNH 4 8 977 Johnson, 1969
AMNH 4 8 978 Johnson, 1969
AMNH 4 8 979 Johnson, 1968
AMNH 104646 Brzostosk, 1977
AMNH 104647 Johnson, 1969
AMNH 104648 Brzostosk, 1977
ANSP10322
ANSP 10324  j
ANSP 10325
ANSP10326 ???
ANSP10327 ???
ANSP10328 ???
A NSP10329 ???
ANSP11217 Cook, c. 1856 Type, S. atlanticus
A NSP11218 Cook, c. 1856 Type, S. atlanticus
ANSP 11219 Cook, c. 1856 Type, S. atlanticus
ANSP 11220  (1) ??? Sk
ANSP 11220  (2) ??? Sk
ANSP 11220  (3) ??? Sk
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Measurements
Teeth
Catalog Number Position
(Group#)
Crown
Length
Crown
Width
Crown
Height
Overall
Height
Anterior
denticles
Posterior
denticles
Roots Locality
Code
A NSP11221 (1) RB 8? 31 12 20+ - 2 3 2 fused? 7
A NSP11221 (2) RB 9? 29 12 22+ - 2 2 2 fused? 7
ANSP11221 (3) RB 10? 27 11 20+ - 2 3 2 fused? 7
A NSP11222 Not Sq.
A NSP11223 Not Sq.
A NSP11224 lll-IV 16 9+ 24+ 55+ - - 2 fused? 8
A NSP11225 Not Sq.
ANSP11226 Not Sq.
A NSP11228 Not Sq.
A NSP11229 Not Sq.
ANSP11230 Not Sq.
ANSP ??? lll-IV 19 10 19 27+ 3 3 2 fused 9
MCZ8 7 6 0 lll-IV 28 13 31 52+ 1? 0 2 fused top 4?
MCZ16692 II 14 11 18+ 49+ 0 - 1 4?
MCZ16693 II 16 12 26+ 64+ 0 0 1 4?
MCZ16696 1 12 11 23+ 69+ 0 0 1 4?
MCZ16697 II 13 10 19+ 59+ 0 0 1 4?
MCZ 16698 1 14 14 15+ 39+ 0 0 1 4?
MCZ16699 II 19 9 26 63+ 0 0 1? 4?
MCZ16700 lll-IV 20 11 14+ 53+ - 1+ 2 fused 4?
MCZ16957 lll-IV 14 10 24+ 53+ 0 0 2 fused 4
MCZ16958 1 11 8 19+ 66+ 0 0 1 4
MCZ16959 lll-IV 22 10 14+ 48+ 0 0 2 fused 4
MCZ 16960 lll-IV 17+ 11 + 19+ 60+ 2 fused 4
MCZ16961 lll-IV 19 9 14+ 43+ 2 fused 4
MCZ16962 lll-IV 13+ 9+ 19+ 46+ ??? 4
MCZ16963 lll-IV 21 12 18+ 48+ 0 2 fused 4
MCZ17135 1 (Not Sq.?) 5 4 11 + 27+ 0 0 1 4
USNM 1 0 4 8 4 (1 ) LRB12 ? 22 10 14 33 3 2 2 11
USNM 10484  (2) ULB7 ? 24 12 21 48 2 3 2 11
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ANSP 11221 (1) ??? Sk
A NSP11221 (2) ??? Sk
ANSP 11221 (3) ??? Sk
A NSP11222
A NSP11223
ANSP11224 ???
ANSP11225
ANSP 11226
A NSP11228
ANSP11229
ANSP11230
ANSP ??? ???
MCZ 876 0 ??? See Agassiz 1848
MCZ16692 Frost & Barbour
MCZ16693 Frost & Barbour
MCZ16696 Frost & Barbour
MCZ16697 Frost & Barbour
MCZ16698 Frost & Barbour
MCZ16699 Frost & Barbour
MCZ16700 Frost & Barbour
MCZ16957 Barbour
MCZ 16958 Barbour
MCZ16959 Barbour
MCZ16960 Barbour
MCZ16961 Barbour
MCZ16962 Barbour
MCZ16963 Barbour
MCZ17135 Barbour
USNM 1 0 4 8 4 (1 ) Boss, 1921 Sk, M, V, LE, R, P Type, S. calvertensis
USNM 10484  (2) Boss, 1921 Sk, M, V, LE, R, P Type, S. calvertensis
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USNM 10484  (3) LRB7 ? 22 11 22 59 0 1? 2 fused to p  1 /2 11
USNM 10484  (4) URB7 ? 22+ 12 21 52+ - 3-4 2 11
USNM 1 0 4 8 4 (5 ) ULB4 ? 18 10 20 52 0 L_ 2 ? 2 fused to p  2 /3 11
USNM 10484  (6) LRB3 ? 17 10 20 45+ 0 0 2 fused 11
USNM 10484  (7) LRB4 ? 17 10 20 63 0 0 2 fused 11
USNM 10484 (8) II 15 10 27 91 0 0 1 11
USNM 10484 (9) II 15 10 27 78 0 0 1 11
USNM 10484 (10) II 14 10 26 7 4 0 0 1 11
USNM 10484 (11) II 16 11 26 75+ 0 0 1 11
USNM 10694 lll-IV 25 15+ 29+ 66+ - - 2 fused to p  1 /3 12
USNM 1 0 6 9 5 (1 ) lll-IV 16 9 16+ 65 0 0 2 fused 13
USNM 10695  (2) lll-IV 19+- 11+- - 35+ - - 2 fused 13
USNM 10726 lll-IV 31 14 25+ - 0? 3 2 fused ? 14
USNM 22902  (1) lll-IV 14 11 19+ 63+ 0 0 2 fused 17
USNM 2 2 902  (2) lll-IV 16 10 22+ 63+ 0 0 2 fused 17
USNM 2 2 902  (3) lll-IV 14 13 14+ - ??? ??? - 17
USNM 2 2 902  (4) lll-IV 15+ 11 16+ - ??? ??? - 17
USNM 2 2 902  (5) lll-IV 16+ 13 21 + - ??? ??? - 17
USNM 2 2 902  (6) lll-IV 15 12 22+ - ??? ??? - 17
USNM 22902  (7) lll-IV 15 10 16+ - ??? ??? — 17
USNM 2 3 0 2 4  (1) LRB4 ? 18+ 14 23+ 70+ 0 0 2 fused 18
USNM 2 3 024  (2) LRB7 ? 26 14 28+ 72+ 0 0 2 fused to p  1 /2 18
USNM 2 3 537  (1) 1 2 12 11 43 108 0 0 1 19
USNM 2 3 537  (2) II 14 10 35 55+ 0 0 1 or 2 fused 19
USNM 23537  (3) URB4 ? 14 9 29 66+ 0 0 2 fused 19
USNM 2 3 5 3 7  (4) URB6 ? 17 9 23 36+ 2 3 ??? 19
USNM 2 3 537  (5) URB10? 21 11 22 - 3 5 - 19
USNM 23537  (6) ULB8? 21 12 20+ - 2? - - 19
USNM 23546 IV 25 13 27 57 4 5 3 fused 21
USNM 23563 lll-IV 15 7 20 43+ 0 2 2 fused 22
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USNM 104 8 4  (3) Boss, 1921 Sk, M, V, LE, R, P Type, S. calvertensis
USNM 10484  (4) Boss, 1921 L Sk, M, V, LE, R, P Type, S. calvertensis
USNM 10484  (5) Boss, 1921 Sk, M, V, LE, R, P Type, S. calvertensis
USNM 10484  (6) Boss, 1921 Sk, M, V, LE, R, P Type, S. calvertensis
USNM 1 0 484  (7) Boss, 1921 Sk, M, V, LE, R, P Type, S. calvertensis
USNM 1 0 4 8 4 (8 ) Boss, 1921 Sk, M, V, LE, R, P Type, S. calvertensis
USNM 1 0 484  (9) Boss, 1921 Sk, M, V, LE, R, P Type, S. calvertensis
USNM 10484  (10) Boss, 1921 Sk, M, V, LE, R, P Type, S. calvertensis
USNM 1 0 4 8 4 (1 1 ) Boss, 1921 Sk, M, V, LE, R, P Type, S. calvertensis
USNM 10694 Mackey, 1908 S. whitmorei
USNM 10695  (1) Palmer, 1916 Sk, M
USNM 10695  (2) Palmer, 1916 Sk, M
USNM10726 Palmer, 1916
USNM 2 2 902  (1) H otton e t  al., 1962 M, Sk, V, LE, St, R, TB
USNM 2 2 9 0 2  (2) H otton e t  al., 1962 M, Sk, V, LE, St, R, TB
USNM 229 0 2  (3) H otton e t al., 1962 M, Sk, V, LE, St, R, TB
USNM 2 2 9 0 2  (4) H otton e t al., 1962 M, Sk, V, LE, St, R, TB
USNM 2 2 9 0 2  (5) H otton e t  al., 1962 M, Sk, V, LE, St, R, TB
USNM 2 2 902  (6) H otton e t  al., 1962 M, Sk, V, LE, St, R, TB
USNM 2 2 902  (7) H otton e t al., 1962 M, Sk, V, LE, St, R, TB
USNM 2 3 0 2 4 (1 ) King, 1939 M S. whitmorei
USNM 2 3 0 2 4  (2) King, 1939 M S. whitmorei
USNM 2 3 5 3 7  (1) Mongelli & Anthony, 1965 Sk, M, V, R, P
USNM 2 3 5 3 7  (2) Mongelli & Anthony, 1965 Sk, M, V, R, P
USNM 2 3 5 3 7  (3) Mongelli & Anthony, 1965 Sk, M, V, R, P
USNM 2 3 5 3 7  (4) Mongelli & Anthony, 1965 Sk, M, V, R, P
USNM 2 3 537  (5) Mongelli & Anthony, 1965 Sk, M, V, R, P
USNM 2 3 5 3 7  (6) Mongelli & Anthony, 1965 Sk, M, V, R, P
USNM 2 3 5 4 6 Buddenhagen, 1965
USNM 23563 Buddenhagen & Massie, 1965
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USNM 24803 I 1 or I 2 11 8 20+ 68+ 0 0 1 23
USNM 2 4 8 0 4 (1 ) 1 8+ 7+ 30+ - 0 0 - 23
USNM 2 4 804  (2) Ill-iV 14 6 14 25+ 1 2 2 fused ? 23
USNM 24807 II 14 11 27+ 54+ 0 0 1 23
USNM 2 5 0 4 0 (1 ) III 8 3 11 13+ 0 0 2 23
USNM 2 5 0 4 0  (2) III 8 5 12 19+ 0 0 2 23
USNM 2 5 0 4 0  (3) III 11 + 4 13 18+ 0 0 2 23
USNM 2 5 0 4 0  (4) III 11 6 15 24+ 0 2 2 23
USNM 2 5 0 4 0  (5) IV 16 8 17 27+ 0 2 2 fused ? 23
USNM 25041 (1) 1 13 13 27+ - 0 0 1 23
USNM 25041 (2) II 15 11 23+ 65+ 0 0 1 23
USNM 25041 (3) lll-IV 13 8 8+ 37+ 0 0 2 fused 23
USNM 25041 (4) lll-IV 19 10 17+ 25+ - 1 + 2 fused ? 23
USNM 25043  (1) 1 - - - 38+ - - 1 23
USNM 25043  (2) 1 8 7 27+ - 0 0 - 23
USNM 2 5 0 4 3 (3 ) 1 8 - 13+ 58+ 0 0 1 23
USNM 25043  (4) 1 11 9 23+ 40+ 0 0 1 23
USNM 25278 II 12 10 22+ 56+ 0 0 1 23
USNM 25279 II 10 7 32 46+ 0 0 1 23
USNM 2 5 2 8 0 II 9 7 25+ 43+ 0 0 1 23
USNM 25282 II 12 9 21 + 59+ 0 0 1 23
USNM 25283 II 12 9 18+ 67+ 0 0 1 23
USNM 25284 lll-IV 17 8 17 24+ 3 3 2 fused ? 23
USNM 25285 lll-IV 10 6 10+ 36+ 0 0 2 fused 23
USNM 2 5 286 lll-IV 23+ 10 19+ 50+ - 4 2 23
USNM 25287 lll-IV 18 9 19+ 41 + 0 1 2 fused to p  1 /2 23
USNM 25288 lll-IV 14 9 24 60 0 0 2 fused 23
USNM 25289 lll-IV 21 8 25 46+ 0 4 2 fused 23
USNM 2 5 296 11-12 11 10 39+ 81 + 0 0 1 23
USNM 25297 lll-IV 17 9 33 - 0 0 -- 23
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USNM 24803 McLellan, 1967
USNM 248 0 4  (1) McLelian, 1967
USNM 2 4 8 0 4  (2) McLellan, 1967
USNM 24807 McLellan, 1965
USNM 2 5 0 4 0 (1 ) McLellan, 1967
USNM 2 5 0 4 0  (2) McLellan, 1967
USNM 2 5 0 4 0  (3) McLellan, 1967
USNM 2 5 0 4 0  (4) McLellan, 1967
USNM 2 5 0 4 0  (5) McLellan, 1967
USNM 25041 (1) McLellan, 1967
USNM 25041 (2) McLellan, 1967
USNM 25041 (3) McLellan, 1967
USNM 25041 (4) McLellan, 1967
USNM 25043  (1) McLellan, 1967
USNM 25043  (2) McLellan, 1967
USNM 25043  (3) McLellan, 1967
USNM 2 5 043  (4) McLellan, 1967
USNM 25278 Case, 1967
USNM 25279 Case, 1967
USNM 2 5 2 8 0 Case, 1967
USNM 25282 Case, 1967
USNM 25283 Case, 1967
USNM 252 8 4 Case, 1967
USNM 25285 Case, 1967
USNM 25286 Case, 1967
USNM 25287 Case, 1967
USNM 25288 Case, 1967
USNM 25289 Case, 1967
USNM 2 5 296 Case, 1967
USNM 25297 Case, 1967
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USNM 25303 lll-IV 18 9 26+ 54+ ??? ??? 2 fused ? 23
USNM 25361 1 - - - 41 + - - 1 23
USNM 2 5 4 9 6 (1 ) 1 - - - 43+ - - 1 23
USNM 2 5 496  (2) 1 11 10 8+ 51 + 0 0 1 23
USNM 2 5 496  (3) 1 12 9 19+ 75+ 0 0 1 23
USNM 2 5 4 9 6  (4) 1 11 + 10 46 60+ 0 0 1 23
USNM 2 5 4 9 6  (5) 1 14 10 36 51 + 0 0 1 23
USNM 2 5 496  (6) 1 11 7 26 28+ 0 0 1 23
USNM 2 5 4 9 6  (7) 1 11 7 30+ - 0 0 1 23
USNM 2 5 4 9 6  (8) 1 9 8 31 + - 0 0 1 23
USNM 2 5 4 9 6  (9) 1 13 9 32 - 0 0 1 23
USNM 254 9 6  (10) 1 10 8 30+ - 0 0 1 23
USNM 254 9 6  (11) 1 13 9 34+ -- 0 0 1 23
USNM 2 5 4 9 6 (1 2 ) lll-IV 8+ 7+ 21 + 26+ 0 - - 23
USNM 2 5 4 9 6  (13) lll-IV 15+ 9 22+ 41 + 0 3 2 fused ? 23
USNM 25402 lll-IV 17 13 23+ 36+ 0 0 - 24
USNM 25403 lll-IV 15+ 8+ 33 33+ - 0 - 24
USNM 25439 11-12 12+ 13 44+ - 0 0 1 23
USNM 25479 lll-IV 10 5 11 + 20+ 2? 0 2 fused ? 23
USNM 25711 (1) II 15 11 + 25+ 31 + 0 0 1 23
USNM 25711 (2) lll-IV 15+ 10+ 26+ 60+ - 0 2 fused ? 23
USNM 25711 (3) lll-IV 15 8 23 59 0 0 2 fused 23
USNM 2 5 768 lll-IV 16 9+ 17+ 39+ 2 3 2 fused (+ 3rd?) 23
USNM 2 5 7 8 0 lll-IV 16 8 21 47 0 2 2 fused to p  2 /3 23
USNM 2 5 9 1 0 (1 ) LLB8 ? 20 9 24 - 0 3 - 20
USNM 2 5 9 1 0 (2 ) LLB9 ? 22 9 22 - 0 3 - 20
USNM 2 5 9 1 0  (3) LLB11 ? 22 9 16 - 2 3 - 20
USNM 2 5 946  (1) LRB6 ? 22 13 25+ - 2 0 2 fused ? 25
USNM 2 5 946  (2) LRB7 ? 19+ 14 30+ 74+ 2 0 2 fused to p  1 /2 25
USNM 25948 M 7 ? 22 9 17 42 0 4 2 fused 27
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USNM 25303 Case, 1967
USNM 25361 Case, 1967
USNM 2 5 4 9 6 (1 ) Case, 1967
USNM 2 5 4 9 6  (2) Case, 1967
USNM 2 5 4 9 6  (3) Case, 1967
USNM 25 4 9 6  (4) Case, 1967
USNM 2 5 4 9 6  (5) Case, 1967
USNM 25 4 9 6  (6) Case, 1967
USNM 2 5 4 9 6  (7) Case, 1967
USNM 2 5 4 9 6  (8) Case, 1967
USNM 25 4 9 6  (9) Case, 1967
USNM 25 4 9 6  (10) Case, 1967
USNM 25 4 9 6  (11) Case, 1967
USNM 2 5 4 9 6 (1 2 ) Case, 1967
USNM 25 4 9 6  (13) Case, 1967
USNM 25402 Case, 1965
USNM 25403 Case, 1968
USNM 25439 Case, 1967
USNM 25479 Case, 1967
USNM 25711 (1) Case, 1968
USNM 25711 (2) Case, 1968
USNM 25711 (3) Case, 1968
USNM 25 7 6 8 McLellan, 1968
USNM 2 5 7 8 0 McLellan, 1968
USNM 2 5 9 1 0 (1 ) Fisher, 1969 M
USNM 2 5 9 1 0  (2) Fisher, 1969 M
USNM 2 5 9 1 0  (3) Fisher, 1969 M
USNM 2 5 9 4 6 (1 ) McCreary, 1969 M
USNM 2 5 9 4 6  (2) McCreary, 1969 M
USNM 25948 McCreary, 1969
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USNM 2 6 067 11-12 13 13 15+ 89+ 0 0 1 23
USNM 2 6 068 lll-IV 16 9 20+ 61 + 0 0 2 fused 23
USNM 26229 lll-IV 5+ 3 10 14+ 0 0 2 23
USNM 2 6 2 7 0 1 15 14 51 + - 0 0 - 23
USNM175359 lll-IV 32 17 37+ 87+ 0 0 2 fused? 10
USNM 175360 lll-IV 22 13 26+ 66+ 0 0 2 fused 10
USNM175361 13-C 11 + 10 22+ 51 + 0 0 1 1
USNM175362 III 13 9 20+ 72+ 0 0 2 fused? 1
USNM175364 lll-IV 13 8 23 38+ 0 0 2 fused 1
USNM175377 lll-IV 17 8+ 20+ 49+ 0 - 2 fused top  1 /2 23
USNM 175382  (1) lll-IV 11 7 21 + 62+ 0 0 2 fused? 29
USNM 175382  (2) lll-IV 12 8 23 63 0 0 2 fused? 29
USNM181576 IV 22 11 20 50 3 3 2 fused to p  1 /2 23
USNM 181709 lll-IV 19 8+ 19+ 42+ 0? 0? 2 fused? 1
USNM181711 lll-IV 16 9 19+ 42+ - - - ??? 1
USNM 182923  (1) UL lll-IV 16 9 23 47 0 2 2 fused? 23
USNM1 8 2 9 2 3 (2 ) lll-IV 16 10 27+ 33+ 0 0 - 23
USNM182944 lll-IV 21 10 19 - 3 3 - 28
USNM 182959 1 10+ 8+ 30+ - 0 0 - 23
USNM 1 8 2960 lll-IV 18 11 29+ 77+ 0 0 2 fused? 23
USNM 1830 1 9  (1) 1 10+ 8+ 36+ - 0 0 - 23
USNM1 8 3 0 1 9 (2 ) lll-IV 13 9 22+ 54+ 0 0 2 fused 23
USNM 183023  (1) ULI 1 - - - 102+ - - 1 32
USNM 183023  (2) ULC 18+ 17 9+ 96+ - - 1 32
USNM1 8 3 0 2 3 (3 ) LLB7 28 16 22+ 85+ 0 0 2 fused 32
USNM 183055  (1) I 15 11 43 72+ 0 0 1 30
USNM 183055  (2) I 15 11 39 76+ 0 0 1 30
USNM 183055  (3) I 13 12 42 - 0 0 1 30
USNM 183055  (4) II 19 12 31 54+ 0 0 1 30
USNM1 8 3 0 5 5 (5 ) II 18 11 31 51 + 0 0 1 30
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USNM 26067 Case, 1969
USNM 26068 Case, 1969
USNM 26229 Case, 1967
USNM 262 7 0 Case, 1967
USNM 175359 Johnson, 1968
USNM 175360 Johnson, 1968
USNM 175361 Johnson, 1969
USNM 175362 Johnson, 1969
USNM 175364 Johnson, 1969
USNM 175377 McLellan, 1968
USNM 1 7 5 3 8 2 (1 ) Kaltenbach & Soger, 1970 V, R, St, TB
USNM 175382  (2) Kaltenbach & Soger, 1970 V, R, St, TB
USNM 181576 Walker, 1968
USNM 181709 Case, 1972
USNM 181711 Case, 1972
USNM 182923  (1) Case, 1973 Sk
USNM 182923 (2) Case, 1973 Sk
USNM 182944 Collins, 1937
USNM 182959 Shelton, 1974
USNM 182960 Harmatuk, 1974
USNM 183019  (1) Harmatuk, 1974
USNM 183019  (2) Harmatuk, 1974
USNM 183023  (1) Kunlo, 1975 Sk, M, St, V, R Type, S. whitmorei
USNM 183023  (2) Kunlo, 1975 Sk, M, St, V, R Type, S. whitmorei
USNM 183023  (3) Kunlo, 1975 Sk, M, St, V, R Type, S. whitmorei
USNM 183055  (1) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (2) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (3) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (4) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (5) Jacobs e t  al., 1976 M,Sk, P, TB
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USNM 183055 (6) II 16 11 32 56+ 0 0 1 30
USNM 183055  (7) II 16 11 33 57+ 0 0 1 30
USNM 183055 (8) II 16 11 35 54+ 0 0 1 30
USNM 183055  (9) II 16 12 38 50+ 0 0 1 30
USNM 183055  (10) II 16 12 37 47+ 0 0 1 30
USNM 183055  (11) II 18 12 28 40+ 0 0 1 30
USNM 183055  (12) II 18 12 26 43+ 0 0 1 30
USNM 183055 (13) II 17 13 30 53+ 0 0 1 30
USNM 183055 (14) II 16 11 36 54+ 0 0 1 30
USNM 183055 (15) II 16 11 34 56+ 0 0 1 30
USNM 183055  (16) II 17 11 31 48+ 0 0 1 30
USNM 183055 (17) II 16 8+ 35+ - 0 0 1 30
USNM 183055  (18) II 15+ 11 28 45+ 0 0 1 30
USNM 183055  (19) II 18 11 32+ - 0 0 - 30
USNM 183055  (20) II 16 10 22+ 37+ 0 0 1 30
USNM 183055 (21) II 13+ 9+ 22+ - 0 0 - 30
USNM 183055  (22) III 18+ 11 + 27+ 50+ 0 0 2 fused 30
USNM 183055 (23) III 20 12 27 50+ 0 0 2 fused 30
USNM 183055  (24) III 23 14 27 49+ 0 0 2 fused 30
USNM 183055  (25) III 21 13 25 46+ 0 0 2 fused 30
USNM 183055 (26) III 18 11 30 51 + 0 0 2 fused 30
USNM 183055 (27) III 23 13 27 53+ 0 0 2 fused 30
USNM 183055 (28) IV (URB12?) 24 11 18 - 1 3 - 30
USNM 183055 (29) IV 25+ 12 23 32+ - 2 2 part fused 30
USNM 183055 (30) IV 29 13 27 44+ 0 2 2 part fused 30
USNM 183055 (31) IV 27 8+ 27 53+ 0 2 2 part fused 30
USNM 183055 (32) IV 25 14 27 56+ 0 2 2 part fused 30
USNM 183055 (33) IV 30 14 26 46+ 0 3 2 part fused 30
USNM1 8 3 0 5 5 (3 4 ) IV 30 14 24 38+ 2 3 2 part fused 30
USNM 183055 (35) IV 27 13 24 | 47+  | 0 2 2 part fused 30
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USNM 183055  (6) Jacobs e t al., 1976 M,Sk, P, TB
USNM 183055  (7) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (8) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (9) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (10) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (11) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (12) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (13) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (14) Jacobs e t al., 1976 M,Sk, P, TB
USNM 183055  (15) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 1 8 3055  (16) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (17) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (18) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (19) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (20) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (21) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (22) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (23) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (24) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (25) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (26) Jacobs e t al., 1976 M,Sk, P, TB
USNM 183055  (27) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (28) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (29) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (30) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (31) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (32) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (33) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (34) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (35) Jacobs e t al., 1976 M,Sk, P, TB
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USNM 183055  (36) IV 28 13 26 51 + 0 3 2 part fused 30
USNM 183055 (37) IV 26 13 27 46+ 0 2-3 2 part fused 30
USNM 187388 II 18 12 27+ 53+ 0 0 ??? 33
USNM 187389 lll-IV 28 16 35 68+ ??? ??? 2 fused top  1 /2 34
USNM 187390 I 10 7 28+ 58+ 0 0 1 34
USNM187391 lll-IV 28 13+ 25+ 63+ 0 0 2 35
USNM 187392 II 14 10 29 72+ 0 0 1 12
USNM 187393  (1) II 16 13 35+ 100+ 0 0 1 33
USNM 187393 (2) P-M 19 14 29+ 81 + 0 0 2 fused 33
USNM 187394 I 11 9 4 0 94+ 0 0 1 23
USNM187395 ill-IV 15 11 18+ 45+ 0 0 - 23
USNM 187397 I 12 10 43 82+ 0 0 1 23
USNM 187398 lll-IV 13 8 27+ 44+ 0 0 2 fused? 23
USNM 187399 I? (Not Sq.) 7+ 6+ 21 + - 0 0 - 23
USNM 187400 I 6+ 6+ 19+ - 0 0 - 23
USNM 187401 (1) I 12 12 23+ 57+ 0 0 1 23
USNM 187401 (2) II 11 8 25 32+ 0 0 1? 23
USNM 187402 lll-IV 17 11 24+ 64+ 0 0 2 fused 23
USNM187403 I 10 9 36+ 78+ 0 0 1 23
USNM 187404 lll-IV 15 10 23+ 43+ 0 0 2 fused? 23
USNM 187405  (1) lll-IV 14+ 7+ 17+ - - - - - 23
USNM 187405  (2) lll-IV 10+ 8 20+ - - 3 - 23
USNM 187405  (3) lll-IV 19 8 25 - 0 4 - 23
USNM 187315  (1) I 15 14 45 I l l 0 0 1 36
USNM 187315 (2) II 15 12 4 0 78+ 0 0 1 36
USNM 187315 (3) II 16 12 36 81 0 0 1 36
USNM 187315  (4) II 16 12 25 86 0 0 1 36
USNM 187315 (5) II 16 12 37 83+ 0 0 1 36
USNM 187315  (6) II 16 12 35 78+ 0 0 1 36
USNM 187315 (7) II 17 12 35 77+ 0 0 1 36
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USNM 183055  (36) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 183055  (37) Jacobs e t  al., 1976 M,Sk, P, TB
USNM 187388 Collins, 1936
USNM 187389 Salter, 1943
USNM 187390 Salter, 1943
USNM 187391 Collins, 1936
USNM 187392 Boss, 1921
USNM 187393  (1) Collins, 1937
USNM 187393  (2) Collins, 1937
USNM 187394 Ray e t  al.
USNM 187395 Ray e t  al.
USNM 187397 Case, 1968
USNM 187398 Case, 1968
USNM 187399 Case, 1968
USNM 187400 Case, 1968
USNM 187401 (1) Ray e t  al.
USNM 187401 (2) Ray e t  al.
USNM 187402 McCellan
USNM 187403 Douglas, 1973
USNM 187404 Wilson
USNM 187405  (1) Chamness, 1964
USNM 187405  (2) Chamness, 1964
USNM 187405  (3) Chamness, 1964
USNM 187315 (1) Myrick, 1969 Sk, P, TB
USNM 187315 (2) Myrick, 1969 Sk, P, TB
USNM 187315 (3) Myrick, 1969 Sk, P, TB
USNM 187315  (4) Myrick, 1969 Sk, P, TB
USNM 187315 (5) Myrick, 1969 Sk, P, TB
USNM 187315 (6) Myrick, 1969 Sk, P, TB
USNM 187315  (7) Myrick, 1969 Sk, P, TB
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USNM 187315  (8) II 17 12 20+ 70+ 0 0 1 36
USNM 187315  (9) II 16 12 39 94+ 0 0 1 36
USNM1 8 7 3 1 5 (1 0 ) III 18 12 32 70 0 0 2 fused 36
USNM 187315  (11) III 19 13 32 66+ 0 0 2 fused 36
USNM 187315  (12) III 17 12 32 70+ 0 0 2 fused 36
USNM 187315  (13) III 18 12 28+ 65+ 0 0 2 fused 36
USNM 187315  (14) III 18 13 33 67+ 0 0 2 fused 36
USNM 187315  (15) IV 24 15 25 - 0 2 - 36
USNM 187315  (16) IV 32 14 25 55 0-4 3 3 fused a t  top 36
USNM 187315  (17) IV 31 13 24 42+ 3 3 2 36
USNM 187315  (18) IV 23 14 28 62 0 4 2-3 fused to p  1 /2 36
USNM1 8 7 3 1 5 (1 9 ) IV 31 15 32 62 0-3 3 3 fused a t  top 36
USNM 187315  (20) IV 33 15 28 60 2-5 3 3 fused a t top 36
USNM 187315  (21) IV 28 13 22 44+ 3-4 3 2 fused a t top 36
USNM 187315  (22) IV 30 15 34 67 j 0-3 4 3 fused a t top 36
USNM1 8 7 3 1 5 (2 3 ) IV 28 14 30 61 0-3 4 3 fused a t top 36
USNM 187315  (24) IV 31 15 30 61 0-4 4 3 fused a t top 36
USNM1 8 7 3 1 5 (2 5 ) IV 32 14 28 53+ 0-4 4 3 fused a t top 36
USNM 187315  (26) IV 33 14 28 61 + 0+ 3 3 fused a t top 36
USNM 2 0 5 4 8 6 lll-IV 8 3 10 21 0 0 2 fused top  1/2 23
USNM 2 0 5 4 8 7 lll-IV 11 6 18 37+ 0 0 2 fused 23
USNM 2 0 5 6 1 2 lll-IV 10+ 8 23+ 52+ 0 - - 31
USNM 2 0 5 7 7 9 lll-IV 14 10 12+ 57+ 0 0 2 fused? 37?
USNM 2 1 4 6 4 4 (1 ) IV 18 9 20 36+ 0 2 2 fused? 31
USNM 2 1 4 6 4 4  (2) IV 25 11 21 59 - 4 2 fused top  1 /2 31
USNM 2 1 4 6 4 4  (3) IV 25 11 21 57 2? 3? 2 fused to p  1 /2 31
USNM 2 1 4 6 4 4  (4) IV 24 9 16 44+ 1? 3 2 fused to p  1 /2 31
USNM 214771 1 10 8 19+ 50+ 0 0 1 23
USNM 2 1 4 9 4 0 lll-IV 18 11 28+ 51 + 0 0 2 fused? 23
USNM 214941 lll-IV 12 8 22 48+ 0 0 2 fused? 23
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USNM 187315 (8) Myrick, 1969 Sk, P, TB
USNM 187315 (9) Myrick, 1969 Sk, P, TB
USNM 187315 (10) Myrick, 1969 Sk, P, TB
USNM 187315  (11) Myrick, 1969 Sk, P, TB
USNM 187315  (12) Myrick, 1969 Sk, P, TB
USNM 187315  (13) Myrick, 1969 Sk, P, TB
USNM 187315  (14) Myrick, 1969 Sk, P, TB
USNM 187315  (15) Myrick, 1969 Sk, P, TB
USNM 187315  (16) Myrick, 1969 Sk, P, TB
USNM 187315 (17) Myrick, 1969 Sk, P, TB
USNM 187315  (18) Myrick, 1969 Sk, P, TB
USNM 187315 (19) Myrick, 1969 Sk, P, TB
USNM 187315  (20) Myrick, 1969 Sk, P, TB
USNM 187315  (21) Myrick, 1969 Sk, P, TB
USNM 187315  (22) Myrick, 1969 Sk, P, TB
USNM 187315  (23) Myrick, 1969 Sk, P, TB
USNM 187315  (24) Myrick, 1969 Sk, P, TB
USNM 187315  (25) Myrick, 1969 Sk, P, TB
USNM 187315  (26) Myrick, 1969 Sk, P, TB
USNM 2054 8 6 Bennett, date? Deciduous too th?
USNM 205487 Bennett, date?
USNM 205612 Fanning, 1974
USNM 205779 no data
USNM 2 1 4 6 4 4  (1) Fanning, 1974 T, Sk
USNM 2 1 4 6 4 4  (2) Fanning, 1974 T, Sk
USNM 2 1 4 6 4 4  (3) Fanning, 1974 T, Sk
USNM 2 1 4 6 4 4  (4) Fanning, 1974 T, Sk
USNM 214771 Womble, 1976
USNM 2 1 4 9 4 0 Womble, date?
USNM 214941 Womble, da te?
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
Measurements
Teeth
Catalog Number Position Crown Crown Crown Overall Anterior Posterior Roots Locality
(Group#) Length Width Height Height denticles denticles Code
USNM 244293 IV 24 10 15 40 0+ 3 2 23
USNM 244538 M? 21 16 16 - - - - 23
USNM 254283 IV 27 10 15+ 21 + 2 3 - 23
USNM 2542 8 4 IV 20 9 18 25+ 1 3 - 23
USNM 310582 lll-IV 16 8 21 44 0 0 2 fused to p  2 /3 23
USNM 310583  (1) II 13 10 27+ 71 + 0 0 1 23
USNM 310583  (2) lll-IV 19+ 10 9+ 25+ - 1 + 2 fused? 23
USNM 3 1 0583  (3) lll-IV 15 10 14+ 46+ 0 2 2 fused 23
USNM 310 5 8 4 lll-IV 25 10 8+ 26+ 0 1 - 23
USNM310585 lll-IV 16 8 21 37+ 0 0 2 fused 23
USNM3 1 0 5 8 6 1 - - - 81 + - - 1 23
USNM 3105 8 8  (1) 1 12 10 40+ 72+ 0 0 1 23
USNM 3 1 0 5 8 8  (2) 1 10 8 22+ 43+ 0 0 1 23
USNM 3105 8 8  (3) lll-IV 20 10 12+ 40+ - 3 2 fused? 23
USNM 3105 8 9  (1) 1 15 15 28+ 28+ 0 0 1 23
USNM 3105 8 9  (2) 1 11 + 8 25+ 25+ 0 0 1 23
USNM 3105 8 9  (3) 1 13 10 34+ 37+ 0 0 1 23
USNM 3105 8 9  (4) 1 14 10 35+ 76+ 0 0 1 23
USNM 3105 8 9  (5) 1 12 11 51 71 + 0 0 1 23
USNM 310591 lll-IV 17 12 33+ - 0 0 - 23
USNM 3105 9 2 lll-IV 21 + 10+ 16+ 50+ 1+ - 2 fused? 34
USNM 310593 II 16 11 24+ 69+ 0 0 1? 4 0
USNM 310595 1 8 6 24+ 58+ 0 0 1 23
USNM 3 1 0 5 9 6 (1 ) 1 11 11 12 11 + 0 0 1 23
USNM 3 1 0 5 9 6  (2) 1 10 8 10 10 0 0 1 23
USNM 3 1 0 5 9 6  (3) 1 13+ 36+ 37+ 38 0 0 1 23
USNM 3 1 0 5 9 6  (4) 1 - - 44+ - 0 0 1 23
USNM 310598 1 14 14 34+ 110+ 0 0 1 41
USNM 310601 lll-IV 22+ 15+ 18+ 44+ 7 7 2? 23
USNM 310603  (1) III 10+ 6+ 18+ - 7 ? 2 fused? 23
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USNM 244293 Dayvault, da te?
USNM 244538 Boyd, date Sk
USNM 254283 Swindell, date?
USNM 254284 Swindell, da te?
USNM310582 Swindell, date?
USNM 310583  (1) Harmatuk, da te?
USNM 310583  (2) Harmatuk, da te?
USNM 310583  (3) Harmatuk, da te?
USNM 310584 Harmatuk, date?
USNM 310585 Harmatuk, date?
USNM310586 Harmatuk, date?
USNM 310588  (1) Riker, date?
USNM 310588  (2) Riker, date?
USNM 310588  (3) Riker, date?
USNM 310589  (1) Harmatuk, da te?
USNM 310589  (2) Harmatuk, date?
USNM 310589  (3) Harmatuk, da te?
USNM 310 5 8 9  (4) Harmatuk, date?
USNM 310589  (5) Harmatuk, da te?
USNM 310591 Harmatuk, date?
USNM 310592 Ruhoff, date? P, V, Sk, R, LE
USNM 310593 Kaltenbach, 1970 P, V, Sk, R, LE
USNM 310595 Harmatuk, date? P, V, Sk, R, LE
USNM 310596  (1) Case, 1968
USNM 310596  (2) Case, 1968
USNM 31 0 5 9 6  (3) Case, 1968
USNM 31 0 5 9 6  (4) Case, 1968
USNM 310598 Anderson, 1956
USNM 310601 McCellan, date?
USNM 310603  (1) McCellan, da te?
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USNM 3106 0 3  (2) IV 11 + 8+ 15+ 24+ ? 2+? 2 fused? 23
USNM 3 1 0 6 0 4 II 16 11 22+ 70+ 0 0 1 33
USNM 3106 0 5 I 16 16 39+ 60+ 0 0 1 34
USNM 3106 0 6 lll-IV 17+ 11 + 20+ - - 0? 2+? 2 fused? 42
USNM 3106 0 7 III 22 7+ 25+ 46+ 0 0 2 fused 13
USNM 3 1 0 6 0 8 IV 18 7 11 + 26+ 1 3 2 23
USNM 310609 IV 24 11 21 + 56+ 3 4 2 fused to p  1 /2 23
USNM 3 1 0 6 1 0 (1 ) IV 21 11 23 28+ 3 4 2 fused? 23
USNM 3 1 0 6 1 0  (2) IV 21 11 26 33+ 3 4 2 fused? 23
USNM 3 1 0 6 1 3  (1) IV 10+ 5+ 10+ 21 + ? 2+? ??? 23
USNM 3 1 0 6 1 3  (2) IV 11 + 4+ 17+ 23+ ? 3+? ??? 23
USNM 3 1 0 6 1 4 lll-IV 9+ 5+ 17+ 25+ 0 2 ??? 23
USNM 3 1 0 6 1 6 (1 ) II 15 11 34 66 0 0 1? 13
USNM 3 1 0 6 1 6  (2) II 15 11 30+ 77+ 0 0 1? 13
USNM 3219 6 2 II - - - 64+ ? ? 1 23
USNM 3216 9 5 I 12 12 43+ 69+ 0 0 1 23
USNM 3 2 1 9 7 6 (1 ) I 12+ 12+ 43+ - 0 0 1 23
USNM 3 2 1 9 7 6  (2) I 11 9 39+ - 0 0 1 23
USNM 3 2 1 9 7 6  (3) II 9+ 6+ 16+ 40+ 0 0 2 fused? 23
USNM 3 2 1 9 7 6  (4) 11 14 10 27+ 61 + 0 0 2 fused? 23
USNM 3 2 1 9 7 6  (5) II 13 10 23+ 51 + 0 0 2 fused? 23
USNM 3 2 1 9 7 6  (6) IV 18 9 20+ 37+ - 3-4 2 fused 23
USNM 3282 9 9 ll-lll 13 9 30 61 + 0 0 ??? 23
USNM 3 2 8 3 0 0 II 11 8 40 55+ 0 0 1 23
USNM 328301 II 11 10 38 75+ 0 0 1 23
USNM 3 2 8307 II or III 10+ 8+ 21 + 44+ 0 0 ? 23
USNM 3 2 8 3 2 0 1 11 10 36+ 57+ 0 0 1 23
USNM 328333 1 11 9 41 - 0 0 1 23
USNM 328335 II 14 9 31 50 0 0 1 or 2 fused 23
USNM 3 2 8 3 3 6 1 14 11 34 85+ 0 0 1 23
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USNM 310603  (2) McCellan, date?
USNM 310604 Collins, 1936
USNM 310605 Collins, 1938
USNM 310606 Miller, da te?
USNM 3106 0 7 Palmer, 1913
USNM 310608 Harmatuk, 1975
USNM310609 McCellan, date?
USNM 3 1 0 6 1 0 (1 ) Harmatuk, 1975
USNM 3 1 0 6 1 0  (2) Harmatuk, 1975
USNM310613  (1) Harmatuk, 1975
USNM310613  (2) Harmatuk, 1975
USNM 3106 1 4 unknown
USNM 3 1 0 6 1 6 (1 ) Palmer, da te  ?
USNM 3 1 0 6 1 6  (2) Palmer, da te  ?
USNM 321962 Harmatuk, da te?
USNM 321695 Jones, 1978
USNM 3219 7 6  (1) Schneider, 1981
USNM 3219 7 6  (2) Schneider, 1981
USNM 3 2 1 9 7 6  (3) Schneider, 1981
USNM 3 2 1 9 7 6  (4) Schneider, 1981
USNM 3 2 1 9 7 6  (5) Schneider, 1981
USNM3219 7 6  (6) Schneider, 1981
USNM 328299 Harmatuk, 1975
USNM 3283 0 0 Harmatuk, date?
USNM 328301 Harmatuk, da te?
USNM 328307 Harmatuk, date?
USNM 3283 2 0 Harmatuk, 1975
USNM 328333 Harmatuk, 1975
USNM 328335 Harmatuk, da te?
USNM 3 2 8 3 3 6 Harmatuk, da te?
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USNM 328337 I 9 8 33 67+ 0 0 1 23
USNM 328338 II 11 9 26+ 64+ 0 0 1 23
USNM 328339 IV 20+ 9 50+ 32+ 0 1 + 2 fused 23
USNM 3 2 8 3 4 0 IV 15 7 23 51 + 0 2 2 fused 23
USNM 328341 l-ll 11 9 30+ 39+ 0 0 ??? 23
USNM 3283 4 2 l-ll 12 8 37+ 45+ 0 0 1 23
USNM 3 2 8343  (1) ULB10? 20 8 19 - 0 3 2 fused? 15
USNM 328343  (2) ULB11 ? 18 7 18 - 0 3 2 fused? 15
USNM 328343  (3) URB8 ? 19 8 20 - 0 3 2 fused? 15
USNM 328343  (4) URB9 ? 19 8 20 - 0 3 2 fused? 15
USNM 3283 4 3  (5) URB10? 19 8 19 - 0 3 2 fused? 15
USNM 328343  (6) LRB11 ? 15 7 14 30+ 0 3 2 fused top  1 /2 15
USNM 3283 4 3  (7) P-M 21 9 25 55 0 0 2 fused to p  1 /2 15
USNM 328343  (8) P-M 18 8 23 57+ 0 0 2 fused to p  2 /3 15
USNM 3283 4 3  (9) P-M 15 8 24 57+ 0 0 2 fused 15
USNM 3283 4 3  (10) 1 1 11 11 28+ 69+ 0 0 1 15
USNM 3283 4 3  (11) 1 1 11 10 15+ 28+ 0 0 1 15
USNM 3 2 8 3 4 3 (1 2 ) 1 11 9 41 95 0 0 1 15
USNM 328343  (13) l-C 11 8 31 69+ 0 0 1 15
USNM 328345 l-ll 12+ 10+ 39+ - 0 0 1 23
USNM 336175 IV 9 4 8 18 2 2 2 23
USNM 3362 0 6 IV 10 6 10 21 + 0 1 2 fused to p  1 /2 23
USNM 3 4 7944 P-M - - - 33+ - - 2 fused 23
USNM 359818 l-ll 14 11 40 82+ 0 0 1 23
USNM 359819 III 11 7+ 21 + 50+ 0 0 2 fused 23
USNM 3 5 9 8 2 0 lll-IV 16 9 19+ 49+ 0 0 2 fused 23
USNM 359821 l-ll 14 11 34+ 77+ 0 0 1 23
USNM 359822 1 12 11 29+ 86+ 0 0 1 23
USNM 359823 l-ll 13 11 37+ - 0 0 1? 23
USNM 3598 2 4 IV 21 8 23 38+ 0 3 2 fused 23
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USNM 328337 Harmatuk, da te?
USNM 328338 Harmatuk, da te?
USNM 328339 Harmatuk, 1975
USNM 3 2 8 3 4 0 Harmatuk, 1975
USNM 328341 Harmatuk, 1975
USNM 328342 Harmatuk, 1975
USNM 328343  (1) Savoie & Whitmore, 1979 P, V, Sk, R, LE
USNM 328343  (2) Savoie & Whitmore, 1979 P, V, Sk, R, LE
USNM 3283 4 3  (3) Savoie & Whitmore, 1979 P, V, Sk, R, LE
USNM 3283 4 3  (4) Savoie & Whitmore, 1979 P, V, Sk, R, LE
USNM 3283 4 3  (5) Savoie & Whitmore, 1979 P, V, Sk, R, LE
USNM 328343  (6) Savoie & Whitmore, 1979 P, V, Sk, R, LE
USNM 3283 4 3  (7) Savoie & Whitmore, 1979 P, V, Sk, R, LE
USNM 3283 4 3  (8) Savoie & Whitmore, 1979 P, V, Sk, R, LE
USNM 328343  (9) Savoie & Whitmore, 1979 P, V, Sk, R, LE
USNM 328343  (10) Savoie & Whitmore, 1979 P, V, Sk, R, LE
USNM 328343  (11) Savoie & Whitmore, 1979 P, V, Sk, R, LE
USNM 328343  (12) Savoie & Whitmore, 1979 P, V, Sk, R, LE
USNM 328343  (13) Savoie & Whitmore, 1979 P, V, Sk, R, LE
USNM 328345 Harmatuk, 1975
USNM 336175 Hyne &Hyne, date?
USNM 336206 Hyne & Hyne, 1986
USNM 3 4 7944 Harmatuk, 1975
USNM 359818 Harmatuk, 1975
USNM 359819 Harmatuk, 1975
USNM 3 5 9 8 2 0 Harmatuk, 1975
USNM 359821 Harmatuk, 1975
USNM 359822 Harmatuk, 1975
USNM 359823 Harmatuk, 1975
USNM 3 5 9 8 2 4 Harmatuk, 1975
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USNM 3598 4 0 IV 26 12 16+ 46+ 2 1 + 2 fused to p  1 /2 23
USNM 359841 IV 19 9 23 28+ -- 3-4 -- 23
USNM 359842 l-ll 13 10 40 48+ 0 0 1 23
USNM 359843 1 11 + 10+ 39+ -- 0 0 1 23
USNM 359845 ll-lll 16 8 26+ 36+ 0 0 1 23
USNM 3598 4 6 ll-lll 12 8 22 31 + 0 0 - 23
USNM 359848 1 8+ 7 28+ 61 + 0 0 1 23
USNM 3598 5 0 III 17 10 16+ 61 + 0 0 2 fused 23
USNM 359851 ll-lll 16 12 29+ 47+ 0 0 - 23
USNM 3598 5 2 l-ll 15 11 37+ 47+ 0 0 1 23
USNM 359853 1 13 13 33+ 49+ 0 0 1 23
USNM 3598 5 4 l-ll 12+ 10 27+ 43+ 0 0 1 23
USNM 359855 IV 29 15 16+ 25+ - 3 3 23
USNM 3598 5 6 IV 19+ 9 21 41 + - 3 2 fused 23
USNM 359857 l-ll 11 + 8 28+ 37+ 0 0 1 23
USNM 359858 ll-lll 15 9 24 46+ 0 0 2 fused 23
USNM 359859 l-ll 10 8+ 29+ 56+ 0 0 1 23
USNM 3598 6 0 1 10+ 8+ 39+ - 0 0 - 23
USNM 359861 M? - - - 48+ - - 2 fused 23
USNM 359862 ll-lll 13+ 10+ 21 + - - -- - 23
USNM 359863 l-ll 11 8+ 16+ 48+ 0 0 1 23
USNM 3 5 9864 l-ll 8+ 5+ 18+ - 0 0 1 23
USNM 359865 l-ll 8+ 7+ 12+ 40+ 0 0 1 23
USNM 3 5 9866 l-ll 11 + 8+ 20+ - 0 0 1 23
USNM 359867 1 15 12 19+ 84+ 0 0 1 23
USNM 359868 IV 23 11 11 + 26+ - 1+ 2 fused? 23
USNM 359869 III 16 9 17+ 51 + 0 0 2 fused 23
USNM 3 5 9870 IV 22 9 13+ 29+ - 3 2 fused? 23
USNM 359872 1 11 10 43 82+ 0 0 1 23
USNM 359873 ll-lll 18 12 27+ 50+ 0 0 2 fused? 33
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USNM 3598 4 0 Harmatuk, 1975
USNM 359841 Harmatuk, 1975
USNM 359842 Harmatuk, 1975
USNM 359843 Harmatuk, 1975
USNM 359845 Harmatuk, 1975
USNM 3598 4 6 Harmatuk, 1975
USNM 359848 Harmatuk, 1975
USNM 3598 5 0 Schneider, date?
USNM 359851 Schneider, date?
USNM 359852 Schneider, date?
USNM 359853 Schneider, date?
USNM 359854 Schneider, date?
USNM 359855 Schneider, 1980
USNM 3 5 9856 Schneider, date?
USNM 359857 Harmatuk, 1975
USNM 359858 Harmatuk, 1975
USNM 359859 Harmatuk, 1975
USNM 3598 6 0 Harmatuk, 1975
USNM 359861 McCellan, date?
USNM 359862 McCellan, date?
USNM 359863 McCellan, date?
USNM 3598 6 4 McCellan, date?
USNM 359865 McCellan, da te?
USNM 3598 6 6 McCellan, date?
USNM 359867 Ray, 1980
USNM 359868 Ray, 1980
USNM 359869 Ray, 1980
USNM 3 5 9870 Ray, 1980
USNM 359872 Ray e t. al, date?
USNM 359873 Blake, da te?
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USNM 3598 7 4 l-ll 16 11 30+ 73+ 0 0 1 44
USNM 3598 7 6 ll-lll 17 12 13+ 47+ 0 0 2 fused 23
USNM 3 6 4 2 8 6 (1 ) 1 10 7 19+ 19+ 0 0 1 23
USNM 3 6 4 2 8 6  (2) 1 13 10 28+ 69+ 0 0 1 23
USNM 3 6 4 2 8 6  (3) ll-lll 12 9 21 + 57+ 0 0 2 fused 23
USNM 3642 8 7 IV 28 14 30 - 3 4 - 23
USNM 364297 ll-lll 14 10 26+ 57+ 0 0 2 fused 23
USNM 364298 l-ll 11 8 30 73 0 0 1 23
USNM 391873 IV 15+ 5+ 15+ 17+ 2+? - -- 1
USNM 3918 7 4 M 10 5 12+ 15+ - 2 2 23
USNM 4 4 7 5 1 5  (1) l-ll - - - 47+ - - 1 48
USNM 4 4 7 5 1 5  (2) l-ll - - - 28+ - - 1 48
USNM 4 4 9 5 4 4 (1 ) l-ll 17 15 33+ 71 + 0 0 1 23
USNM 4 4 9 5 4 4  (2) l-ll 12 9 37+ 57+ 0 0 1 23
USNM 4 4 9 5 4 4  (3) l-ll 11 8 23+ 60+ 0 0 1 23
USNM 4 4 9 5 4 4  (4) l-ll 11 9 16+ 62+ 0 0 1 23
USNM 4 4 9 5 4 4  (5) l-ll 11 9 26+ 71 + 0 0 1 23
USNM 4 4 9 5 4 4  (6) l-ll 13 10 26+ 67+ 0 0 1 23
USNM 4 4 9 5 4 4  (7) l-ll 12 9 30+ 65+ 0 0 1 23
USNM 4 4 9 5 4 6 ULB 7? 21 + 12 26 — 0 4 - 23
USNM 449571 URB 10? 23 11 22 - 3 4 2 23
USNM 4 4 9 5 7 6 M? - - - 53+ - ~ 2 fused 23
USNM 4 4 9 5 7 8  (1) II 15+ 9+ 22+ - 0 0 - 23
USNM 4 4 9 5 7 8  (2) II 13+ 9+ 24+ — 0 0 - 23
USNM 4 4 9 5 7 9 II 12 7 19+ 56+ 0 0 1? 23
USNM 4 4 9 5 8 0 (1 ) 1 11 8 42 - 0 0 1 23
USNM 4 4 9 5 8 0  (2) II 15 11 40 43+ 0 0 1 23
USNM 4 4 9 5 8 0  (3) II 11 7 28 - 0 0 1 23
USNM 4 4 9 5 8 0  (4) II 14 10 21 + 63+ 0 0 1? 23
USNM 449581 (1) 1 10 8 32+ 84+ 0 0 1 23
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USNM 35 9 8 7 4 Blake, 1944
USNM 35 9 8 7 6 Harmatuk, 1975
USNM 3 6 4 2 8 6 (1 ) Harmatuk, 1975
USNM 3 6 4 2 8 6  (2) Harmatuk, 1975
USNM 3 6 4 2 8 6  (3) Harmatuk, 1975
USNM 364287 Harmatuk, 1975
USNM 364297 Scott, date?
USNM 3 6 4 2 9 8 Scott, date?
USNM 391873 Leggett, 1984
USNM 391874 Leggett & Case, 1984
USNM 4 4 7 5 1 5  (1 ) Whitmore, 1984
USNM 4 4 7 5 1 5  (2) Whitmore, 1984
USNM 4 4 9 5 4 4  (1) Harmatuk, 1975
USNM 4 4 9 5 4 4  (2) Harmatuk, 1975
USNM 4 4 9 5 4 4  (3) Harmatuk, 1975
USNM 4 4 9 5 4 4  (4) Harmatuk, 1975
USNM 4 4 9 5 4 4  (5) Harmatuk, 1975
USNM 4 4 9 5 4 4  (6) Harmatuk, 1975
USNM 4 4 9 5 4 4  (7) Harmatuk, 1975
USNM 4 4 9 5 4 6 unknown in situ on rostrum
USNM 449571 Schneider, date? in situ on rostrum
USNM 4 4 9 5 7 6 Hyne, date?
USNM 4 4 9 5 7 8  (1) Harmatuk, 1975
USNM 4 4 9 5 7 8  (2) Harmatuk, 1975
USNM 4 4 9 5 7 9 Garcia, date?
USNM 4 4 9 5 8 0 (1 ) Schneider, date?
USNM 4 4 9 5 8 0  (2) Schneider, da te?
USNM 4 4 9 5 8 0  (3) Schneider, date?
USNM 4 4 9 5 8 0  (4) Schneider, date?
USNM 449581 (1) Harmatuk, 1975
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USNM 449581 (2) il-lli 13 8 20+ 52+ 0 0 2 fused 23
USNM 4495 8 2 ll-lll 12 8 27 60+ 0 0 2 fused 23
USNM 4 4 9 5 8 3  (1) I 13 13 17+ 49+ 0 0 1 23
USNM 4 4 9 5 8 3  (2) I - - - 69+ - - 1 23
USNM 4 4 9 5 8 3  (3) I 17 15 51 + 56+ 0 0 1 23
USNM 4 4 9 5 8 3  (4) I 13 10 37+ 87+ 0 0 1 23
USNM 4 4 9 5 8 3  (5) I 14 11 38+ - 0 0 1 23
USNM 4 4 9 5 8 3  (6) ll-lll 14 8 25 42+ 0 0 2 fused 23
USNM 4 4 9 5 8 3  (7) Il-lli 13 7 25+ 58+ 0 0 2 fused 23
USNM 4 4 9 5 8 3  (8) IV 21 8 16 41 + 1 3 2 23
USNM 4 4 9 5 8 4 I 12 10 27+ 76+ 0 0 1 23
USNM 4 4 9 5 8 5  (1) ll-lll 11 9 19+ 54+ 0 0 1 23
USNM 4 4 9 5 8 5  (2) ll-lll 12 8 26 40+ 0 0 2 fused? 23
USNM 4 4 9 5 8 5  (3) IV 20 9 23 47 1 3 2 fused 1 /2 23
USNM 4 4 9 5 8 6 (1 ) I 13 13 43+ 73+ 0 0 1 23
USNM 4 4 9 5 8 6  (2) IV 22 11 20 47+ 3 3 2 23
USNM 4 4 9 5 8 7  (1) I 11 11 16+ 70+ 0 0 1 23
USNM 4 4 9 5 8 7  (2) IV 16 10 17+ 47+ 1 2 2 fused 23
USNM 4 4 9 5 8 8  (1) I 12 12 34+ 43+ 0 0 1 23
USNM 4 4 9 5 8 8  (2) l-ll 12 7 28 34+ 0 0 1 23
USNM 4 4 9 5 8 8  (3) l-ll 11 9 21 + 59+ 0 0 1 23
USNM 4 4 9 5 8 8  (4) l-ll 12 9 22+ 76+ 0 0 1 23
USNM 4 4 9 5 8 8  (5) l-ll 10 8 33+ 74+ 0 0 1 23
USNM 4 4 9 5 8 8  (6) l-ll 10 8 37 82+ 0 0 1 23
USNM 4 4 9 5 8 8  (7) l-ll 12 10 42+ 83+ 0 0 1 23
USNM 4 4 9 5 8 8  (8) l-ll 14 11 34+ 88+ 0 0 1 23
USNM 4 4 9 5 8 9  (1) ll-lll 11 9 29+ 71 + 0 0 1 23
USNM 4 4 9 5 8 9  (2) ll-lll 14 11 20+ 43+ 0 0 1 23
USNM 4 4 9 5 8 9  (3) ll-lll 12 7 20 57+ 0 0 2 fused 23
USNM 4 4 9 5 9 0 (1 ) l-ll 11 9 13+ 38+ 0 0 1 23
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USNM 449581 (2) Harmatuk, 1975
USNM 44 9 5 8 2 Harmatuk, 1975
USNM 4 4 9 5 8 3  (1) Harmatuk, 1975
USNM 4 4 9 5 8 3  (2) Harmatuk, 1975
USNM 4 4 9 5 8 3  (3) Harmatuk, 1975
USNM 4 4 9 5 8 3  (4) Harmatuk, 1975
USNM 4 4 9 5 8 3  (5) Harmatuk, 1975
USNM 4 4 9 5 8 3  (6) Harmatuk, 1975
USNM 4 4 9 5 8 3  (7) Harmatuk, 1975
USNM 4 4 9 5 8 3  (8) Harmatuk, 1975
USNM 4 4 9 5 8 4 Harmatuk, 1975
USNM 4 4 9 5 8 5  (1) Harmatuk, 1975
USNM 4 4 9 5 8 5  (2) Harmatuk, 1975
USNM 4 4 9 5 8 5  (3) Harmatuk, 1975
USNM 4 4 9 5 8 6 (1 ) Harmatuk, 1975
USNM 4 4 9 5 8 6  (2) Harmatuk, 1975
USNM 4 4 9 5 8 7  (1) Harmatuk, 1975
USNM 4 4 9 5 8 7  (2) Harmatuk, 1975
USNM 4 4 9 5 8 8 (1 ) Harmatuk, 1975
USNM 4 4 9 5 8 8  (2) Harmatuk, 1975
USNM 4 4 9 5 8 8  (3) Harmatuk, 1975
USNM 4 4 9 5 8 8  (4) Harmatuk, 1975
USNM 4 4 9 5 8 8  (5) Harmatuk, 1975
USNM 4 4 9 5 8 8  (6) Harmatuk, 1975
USNM 4 4 9 5 8 8  (7) Harmatuk, 1975
USNM 4 4 9 5 8 8  (8) Harmatuk, 1975
USNM 4 4 9 5 8 9  (1) Harmatuk, 1975
USNM 4 4 9 5 8 9  (2) Harmatuk, 1975
USNM 4 4 9 5 8 9  (3) Harmatuk, 1975
USNM 4 4 9 5 9 0 (1 ) Harmatuk, 1975
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USNM 4 4 9 5 9 0  (2) l-ll 9 8 33+ 81 + 0 0 1 23
USNM 4 4 9 5 9 0  (3) IV 16 8 20 48 0 1 2 fused 3 /4 23
USNM 449591 (1) 1 12 9 36 84+ 0 0 1 23
USNM 449591 (2) IV 20 10 20 31 + - 3 2 fused? 23
USNM 4 4 9 5 9 2  (1) l-ll 10 8 30+ 40+ 0 0 1 23
USNM 4 4 9 5 9 2  (2) lll-IV 16 9 19+ 53+ 0 1 2 fused 23
USNM 4 4 9 5 9 3  (1) ll-lll 12 8 31 49+ 0 0 1 23
USNM 4 4 9 5 9 3  (2) ll-lll 16 11 25 55+ 0 0 1 23
USNM 4495 9 3  (3) ll-lll 17 13 37 78+ 0 0 1 23
USNM 4495 9 3  (4) IV 16 9 16+ 48+ 0 1 2 fused 3 /4 23
USNM 4 4 9 5 9 4 (1 ) 1 13 17 50 88+ 0 0 1 23
USNM 4 4 9 5 9 4  (2) ll-lll 15 10 20+ 57+ 0 0 2 fused? 23
USNM 4 4 9 5 9 5  (1) 1 13 9 23+ 60+ 0 0 1 23
USNM 4 4 9 5 9 5  (2) 1 13 10 25+ 74+ 0 0 1 23
USNM 4 4 9 5 9 5  (3) 1 10 8 37+ 82+ 0 0 1 23
USNM 4 4 9 5 9 5  (4) 1 14 9 38+ 83+ 0 0 1 23
USNM 4495 9 5  (5) ll-lll 12 7 15+ 45+ 0 0 1 23
USNM 4 4 9 5 9 6 (1 ) 1 11 9 24+ 63+ 0 0 1 23
USNM 4 4 9 5 9 6  (2) ll-lll 14 10 32+ 79+ 0 0 1 23
USNM 4 4 9 5 9 6  (3) ll-lll 12 9 10 8 0 0 1 23
USNM 4 4 9 5 9 6  (4) III 16 10 30+ 63+ 0 0 2 fused 23
USNM 4 4 9 5 9 6  (5) IV 17 8 19 30+ 2 3 2 23
USNM 4495 9 7 M 11 4 8+ 21 + 1 3 2 fused 1 /2 23
USNM 4 4 9 5 9 8  (1) 1 13 13 48 73+ 0 0 1 23
USNM 4 4 9 5 9 8  (2) II 11 9 35 58+ 0 0 1 23
USNM 4 4 9 5 9 8  (3) ll-lll 16 8 9+ 39+ 0 0 2 fused 23
USNM 4 4 9 5 9 8  (4) IV 18 9 21 33+ 0 2 2 fused? 23
USNM 4 4 9 5 9 9  (1) 1 14 14 47+ 99+ 0 0 1 23
USNM 4 4 9 5 9 9  (2) 1 12 10 44+ 84+ 0 0 1 23
USNM 4 4 9 5 9 9  (3) ll-lll 11 8 24+ 53+ 0 0 1? 23
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USNM 4 4 9 5 9 0  (2) Harmatuk, 1975
USNM 4 4 9 5 9 0  (3) Harmatuk, 1975
USNM 449591 (1) Harmatuk, 1975
USNM 449591  (2) Harmatuk, 1975
USNM 4 4 9 5 9 2  (1) Harmatuk, 1975
USNM 4 4 9 5 9 2  (2) Harmatuk, 1975
USNM 4 4 9 5 9 3  (1) Harmatuk, 1975
USNM 4 4 9 5 9 3  (2) Harmatuk, 1975
USNM 4 4 9 5 9 3  (3) Harmatuk, 1975
USNM 4 4 9 5 9 3  (4) Harmatuk, 1975
USNM 4 4 9 5 9 4  (1) Harmatuk, 1975
USNM 4 4 9 5 9 4  (2) Harmatuk, 1975
USNM 4 4 9 5 9 5  (1) Scott, date?
USNM 4 4 9 5 9 5  (2) Scott, date?
USNM 4 4 9 5 9 5  (3) Scott, date?
USNM 4 4 9 5 9 5  (4) Scott, date?
USNM 4 4 9 5 9 5  (5) Scott, date?
USNM 4 4 9 5 9 6 (1 ) Scott, date?
USNM 4 4 9 5 9 6  (2) Scott, date?
USNM 4 4 9 5 9 6  (3) Scott, date?
USNM 4 4 9 5 9 6  (4) Scott, date?
USNM 4 4 9 5 9 6  (5) Scott, date?
USNM 4 4 9 5 9 7 Scott, date?
USNM 4 4 9 5 9 8  (1) Swindell, date?
USNM 4 4 9 5 9 8  (2) Swindell, date?
USNM 4 4 9 5 9 8  (3) Swindell, date?
USNM 4 4 9 5 9 8  (4) Swindell, date?
USNM 4 4 9 5 9 9  (1) Swindell, date?
USNM 4 4 9 5 9 9  (2) Swindell, date?
USNM 4 4 9 5 9 9  (3) Swindell, date?
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USNM 4 4 9 5 9 9  (4) IV 20 9 22 37+ 0 4 2 23
USNM 4 4 9 6 0 0 (1 ) l-ll 13 10 17+ 66+ 0 0 1 23
USNM 4 4 9 6 0 0  (2) Ml 16 12 35+ 60+ 0 0 1 23
USNM 4 4 9 6 0 0  (3) ll-lll 13 9 19+ 69+ 0 0 2 fused 23
USNM 4 4 9 6 0 0  (4) IV 19 9 21 30+ 0 3 2 23
USNM 4 4 9 6 0 0  (5) IV 20 8 17 26+ 1 3 2 23
USNM 449601 (1) 1 11 11 31 + 70+ 0 0 1 23
USNM 449601 (2) l-ll 11 8 44 - 0 0 1 23
USNM 449601 (3) ll-lll 14 8 16+ 43+ 0 1 2 fused 23
USNM 449601 (4) ll-lll 16 9 16+ 48+ 0 0 2 fused 23
USNM 44 9 6 0 2 M 9 2+ 7+ 15+ 1 2 2 23
USNM 4 4 9 6 0 5 M 9 5 8+ 19 1 1 2 23
USNM 44 9 7 3 5 ll-lll 23 14 34+ 74+ 0 0 2 fused 50
USNM 44 9 6 0 3  (1) 1 15 14 37+ 101 + 0 0 1 23
USNM 4 4 9 6 0 3  (2) 1 13 11 44 99 0 0 1 23
USNM 4 4 9 6 0 3  (3) II 15 11 33+ 86+  j 0 0 1 23
USNM 4 4 9 6 0 3  (4) III 17 9 26 49+ 0 0 2 23
USNM 4 4 9 6 0 3  (5) III 17 8 24+ 52+ 0 0 2 fused 2 /3 23
USNM 4 4 9 6 0 3  (6) III 18 10 23 61 0 0 2 23
USNM 4 4 9 6 0 3  (7) IV 13 7 9+ 24+ 0 2 2 23
USNM 44 9 6 0 3  (8) IV 16 8 20 32+ 0 3 2 23
USNM 4 4 9 6 0 3  (9) IV 18 8 21 43+ - 3 2 23
USNM 4 4 9 6 0 3  (10) IV 20 8 20 42+ 0 3-5 2 23
USNM 4 4 9 6 0 3  (11) IV 18 9 20 32+ 0 3 2 23
USNM 4 5 2 4 7 4 (1 ) II 16 11 34+ 59+ 0 0 1 23
USNM 4 5 2 4 7 4  (2) II 13 10 28+ 74+ 0 0 1 23
USNM 452 4 7 5 ll-lll 14 8 15+ 47+ 0 0 2 fused 23
USNM 4 5 2 4 7 6 II 10 8 20+ 68+ 0 0 1 23
USNM 4 5 2 4 7 7 IV 16 7 16 30+ 0 3 2 fused> 1 /2 23
USNM 45 2 4 7 8 II 13 10 29+ 48+ 0 0 1 23
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USNM 4 4 9 5 9 9  (4) Swindell, date?
USNM 4 4 9 6 0 0 (1 ) Swindell, da te?
USNM 4 4 9 6 0 0  (2) Swindell, date?
USNM 4 4 9 6 0 0  (3) Swindell, da te?
USNM 4 4 9 6 0 0  (4) Swindell, da te?
USNM 4 4 9 6 0 0  (5) Swindell, da te?
USNM 449601 (1) Hyne & Hyne, da te? Sk
USNM 449601  (2) Hyne & Hyne, date? Sk
USNM 449601 (3) Hyne & Hyne, date? Sk
USNM 449601 (4) Hyne & Hyne, da te? Sk
USNM 4 4 9602 Hyne & Hyne, da te?
USNM 4 4 9605 Hyne & Hyne, date?
USNM 4 4 9735 Bennett, date?
USNM 4 4 9 6 0 3  (1) Hyne & Hyne, date?
USNM 4 4 9 6 0 3  (2) Hyne & Hyne, da te? SK, TB (3)
USNM 4 4 9 6 0 3  (3) Hyne & Hyne, da te? SK, TB (3)
USNM 4 4 9 6 0 3  (4) Hyne & Hyne, da te? SK, TB (3)
USNM 4 4 9 6 0 3  (5) Hyne & Hyne, da te? SK, TB (3)
USNM 4 4 9 6 0 3  (6) Hyne & Hyne, da te? SK, TB (3)
USNM 4 4 9 6 0 3  (7) Hyne & Hyne, da te? SK, TB (3)
USNM 4496 0 3  (8) Hyne & Hyne, date? SK, TB (3)
USNM 4 4 9 6 0 3  (9) Hyne & Hyne, da te? SK, TB (3)
USNM 4 4 9 6 0 3  (10) Hyne & Hyne, da te? SK, TB (3)
USNM 4 4 9 6 0 3  (11) Hyne & Hyne, da te? SK, TB (3)
USNM 4 5 2 4 7 4 (1 ) Harmatuk, 1975
USNM 4 5 2 4 7 4  (2) Harmatuk, 1975
USNM 4524 7 5 Harmatuk, 1975
USNM 4 5 2 4 7 6 Harmatuk, 1975
USNM 4 5 2477 Harmatuk, 1975
USNM 4 5 2478 Harmatuk, 1975
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USNM 4 5 2 4 7 9 1 12 9 33+ 82+ 0 0 1 23
USNM 4 5 2 8 8 7 IV 15 7 14 31 + 0 3 2 fused 1 /2 23
USNM 4 52888 ll-lll 15 11 32 70+ 0 0 ? 23
USNM 45 2 8 8 9  (1) ll-lll 10 7 26 46+ 0 0 1? 23
USNM 4 5 2 8 8 9  (2) IV 15+ 8 26+ - 0 1 + - 23
USNM 4 5 2 8 9 0 (1 ) 1 13 10 15+ 53+ 0 0 1 23
USNM 4 5 2 8 9 0  (2) ll-lll 12 9 23+ 69+ 0 0 1 23
USNM 4 5 2 8 9 0  (3) ll-lll 14 10 19+ 58+ 0 0 1 23
USNM 452891 IV 13 6 12 21 + 0 3 2 23
USNM 4 5 2 8 9 2  (1) 1 14 10 37+ 47+ 0 0 1 23
USNM 45 2 8 9 2  (2) IV 19 9 20 30+ - 3 2 23
USNM 45 3 0 0 5  (1) l-ll 13 10 30+ 39+ 0 0 1 23
USNM 45 3 0 0 5  (2) IV 13+ 12 13+ 30+ 0 2 2 fused 23
USNM 45 3 0 0 5  (3) IV 15+ - 26+ 33+ 0 2 2 23
USNM 4 5 3 0 0 6  (1) 1 13+ 12+ 17+ - 0 0 1 23
USNM 4 5 3 0 0 6  (2) 1 11 9 36+ 61 + 0 0 1 23
USNM 4 5 3 0 0 6  (3) 1 14 14 32+ 75+ 0 0 1 23
USNM 4 5 3 0 0 6  (4) II 11 8 21 + 58+ 0 0 1 23
USNM 4 5 3 0 0 6  (5) II 12 9 19+ 65+ 0 0 1 23
USNM 4 5 3 0 0 6  (6) II 11 7 25 39+ 0 0 1 23
USNM 4 5 3 0 0 6  (7) II 14 11 33+ 62+ 0 0 1 23
USNM 4 5 3 0 0 6  (8) II 10 9 31 + 89+ 0 0 1 23
USNM 4 5 3 0 0 6  (9) III 15 8 21 + 44+ 0 0 2 fused 23
USNM 4 5 3 0 0 6  (10) IV 22 10 20+ 28+ 1 2 2 23
USNM4 5 3 0 0 6  (11) IV 17 8 19+ 29+ 0 2 2 23
USNM 4 5 3 0 0 6  (12) IV 18 10 20 26+ 0 3 2 23
USNM 4 5 3 0 0 6  (13) IV 18 8 19 29+ 0 4 2 23
USNM 4 5 3 0 0 6  (14) IV 13+ 8 17+ 26+ — 3 2 23
USNM4 5 3 0 0 6  (15) IV 20 8 17+ 26+ 0 3 2 23
USNM 4 5 3 0 0 6  (16) IV 19 11 19 29+ 1 3 2 23
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USNM 4 5 2 4 7 9 Harmatuk, 1975
USNM 4 5 2887 Harmatuk, 1975
USNM 4 5 2 8 8 8 Harmatuk, 1975
USNM 4 5 2 8 8 9  (1) Harmatuk, 1975
USNM 4 5 2 8 8 9  (2) Harmatuk, 1975
USNM 4 5 2 8 9 0 (1 ) Harmatuk, 1975
USNM 4 5 2 8 9 0  (2) Harmatuk, 1975
USNM 4 5 2 8 9 0  (3) Harmatuk, 1975
USNM 452891 Hyne & Hyne, date?
USNM 4 5 2 8 9 2  (1) Bohaska e t. al, da te?
USNM 4 5 2 8 9 2  (2) Bohaska e t. al, date?
USNM 4 5 3 0 0 5  (1) Collector?, 1983 M
USNM 4 5 3 0 0 5  (2) Collector?, 1983 M
USNM 4 5 3 0 0 5  (3) Collector?, 1983 M
USNM 4 5 3 0 0 6 (1 ) Hyne & Hyne, date? M
USNM 4 5 3 0 0 6  (2) Hyne & Hyne, date? M
USNM 4 5 3 0 0 6  (3) Hyne & Hyne, da te? M
USNM 4 5 3 0 0 6  (4) Hyne & Hyne, da te? M
USNM 4 5 3 0 0 6  (5) Hyne & Hyne, date? M
USNM 4 5 3 0 0 6  (6) Hyne & Hyne, date? M
USNM 4 5 3 0 0 6  (7) Hyne & Hyne, date? M
USNM 4 5 3 0 0 6  (8) Hyne & Hyne, date? M
USNM 4 5 3 0 0 6  (9) Hyne & Hyne, date? M
USNM 4 5 3 0 0 6  (10) Hyne & Hyne, date? M
USNM 4 5 3 0 0 6  (11) Hyne & Hyne, date? M
USNM 4 5 3 0 0 6 (1 2 ) Hyne & Hyne, date? M
USNM 4 5 3 0 0 6 (1 3 ) Hyne & Hyne, da te? M
USNM 4 5 3 0 0 6 (1 4 ) Hyne & Hyne, date? M
USNM 4 5 3 0 0 6 (1 5 ) Hyne & Hyne, date? M
USNM 4 5 3 0 0 6 (1 6 ) Hyne & Hyne, date? M
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USNM 4 5 3 0 0 6 (1 7 ) IV 17 8 15 22+ 2-4 2+ 2 23
USNM 4 5 3 0 0 6 (1 8 ) IV 14+ 7 10+ 18+ 1 2 2 23
USNM 4 5 3 0 0 6 (1 9 ) IV 24 13 21 + 30+ 0 1 2 fused 23
USNM 4 5 3 0 0 7  (1) ll-lll 13 7 6+ 27+ 0 0 2 fused 23
USNM 4 5 3 0 0 7  (2) IV 18 9 22 28+ 0 3 2 23
USNM 4 5 3 0 0 7  (3) IV 18 8 20 45 0 2 2 23
USNM 4530 0 8 IV 26 12 21 + 28+ 0 4 2 fused 23
USNM 4530 0 9 IV 20 7 16 27+ 0 3 2 23
USNM 4 5 3 0 1 0 IV 25 12 19+ 26+ 0 4 2 fused? 23
USNM 453011 l-ll 11 9 33 39+ 0 0 1 23
USNM 4 5 4775 11-12 14 14 57 131 0 0 1 23
USNM 4 5 4778 1 14 14 24+ 39+ 0 0 1 23
USNM 4 5 4779 III 12 7 11 + 35+ 0 0 2 fused 23
USNM 4 5 4 7 8 0 l-ll 10+ 7+ 32+ - 0 0 1 23
USNM 454781  (1) l-ll 11 8 34+ 40+ 0 0 1 23
USNM 454781 (2) l-ll 15 11 25+ 76+ 0 0 1 23
USNM 4 5 4 7 8 2 IV 15 7 14 27+ 2 3 2 23
USNM 4 5 4 7 8 3  (1) 1 12+ 11 + 37+ - 0 0 1 23
USNM 4 5 4 7 8 3  (2) ll-lll 13 11 36+ 49+ 0 0 1 23
USNM 4 5 4 7 8 3  (3) ll-lll 14 11 28+ 84+ 0 0 1 23
USNM 4 5 4 7 8 3  (4) III 14 9 18+ 55+ 0 0 2 fused 23
USNM 4 5 4 7 8 4 l-ll 12 9 27+ 61 + 0 0 1 23
USNM 4547 8 5 IV 19 10 15 32 1 3 2 fused 1/2 23
USNM 4 5 4 7 8 6 l-ll 11 + 8 28+ - 0 0 1 23
USNM 4 5 4 8 2 8 ll-lll 11 8 18+ 60+ 0 0 2 fused 23
USNM 4549 1 3 IV 18 9 19+ 24+ 0 3 2 23
USNM 4 5 7 1 5 0 l-ll 10 7 28 67+ 0 0 1 23
USNM 457151 (1) ll-lll 14 7 10+ 26+ 0 0 2 fused top  1 /2 23
USNM 457151 (2) ll-lll 12 7 23+ 43+ 0 0 2? 23
USNM 4571 5 2 IV 20 8 16+ 22+ 0 2 2 23
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USNM 4 5 3 0 0 6 (1 7 ) IV 17 8 15 22+ 2-4 2+ 2 23
USNM 4 5 3 0 0 6 (1 8 ) IV 14+ 7 10+ 18+ 1 2 2 23
USNM 4 5 3 0 0 6  (19) IV 24 13 21 + 30+ 0 1 2 fused 23
USNM 4 5 3 0 0 7  (1) ll-lll 13 7 6+ 27+ 0 0 2 fused 23
USNM 4 5 3 0 0 7  (2) IV 18 9 22 28+ 0 3 2 23
USNM 4 5 3 0 0 7  (3) IV 18 8 20 45 0 2 2 23
USNM 4 5 3 0 0 8 IV 26 12 21 + 28+ 0 4 2 fused 23
USNM 4 5 3 0 0 9 IV 20 7 16 27+ 0 3 2 23
USNM 4 5 3 0 1 0 IV 25 12 19+ 26+ 0 4 2 fused? 23
USNM 453011 l-ll 11 9 33 39+ 0 0 1 23
USNM 4 5 4 7 7 5 11-12 14 14 57 131 0 0 1 23
USNM 4 5 4 7 7 8 1 14 14 24+ 39+ 0 0 1 23
USNM 4 5 4 7 7 9 lii 12 7 11 + 35+ 0 0 2 fused 23
USNM 4 5 4 7 8 0 l-ll 10+ 7+ 32+ -- 0 0 1 23
USNM 454781  (1) l-ll 1 1 _ 8 34+ 40+ 0 0 1 23
USNM 454781  (2) l-ll 15 11 25+ 76+ 0 0 1 23
USNM 4 5 4 7 8 2 IV 15 7 14 27+ 2 3 2 23
USNM 4 5 4 7 8 3  (1) 1 12+ 11 + 37+ - 0 0 1 23
USNM 4 5 4 7 8 3  (2) ll-lll 13 11 36+ 49+ 0 0 1 23
USNM 4 5 4 7 8 3  (3) ll-lll 14 11 28+ 84+ 0 0 1 23
USNM 4 5 4 7 8 3  (4) III 14 9 18+ 55+ 0 0 2 fused 23
USNM 4 5 4 7 8 4 l-ll 12 9 27+ 61 + 0 0 1 23
USNM 4 5 4785 IV 19 10 15 32 1 3 2 fused 1 /2 23
USNM 4 5 4 7 8 6 l-ll 11 + 8 28+ - 0 0 1 23
USNM 4 5 4 8 2 8 ll-lll 11 8 18+ 60+ 0 0 2 fused 23
USNM 4 5 4 9 1 3 IV 18 9 19+ 24+ 0 3 2 23
USNM 4 5 7 1 5 0 l-ll 10 7 28 67+ 0 0 1 23
USNM 457151  (1) ll-lll 14 7 10+ 26+ 0 0 2 fused to p  1 /2 23
USNM 457151  (2) ll-lll 12 7 23+ 43+ 0 0 2? 23
USNM 4 5 7 1 5 2 IV 20 8 16+ 22+ 0 2 2 23
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USNM 4 5 3 0 0 6 (1 7 ) Hyne & Hyne, date? M
USNM 4 5 3 0 0 6  (18) Hyne & Hyne, date? M
USNM 4 5 3 0 0 6  (19) Hyne & Hyne, da te? M
USNM 4 5 3 0 0 7  (1) Purdy, da te? Sk
USNM 4 5 3 0 0 7  (2) Purdy, da te? Sk
USNM 4 5 3 0 0 7  (3) Purdy, date? Sk
USNM 4 5 3 0 0 8 Boon, date?
USNM 4 5 3 0 0 9 Harmatuk, 1975
USNM 4 5 3 0 1 0 Harmatuk, 1975
USNM 453011 Harmatuk, 1975
USNM 454775 Fonger, 1990
USNM 4 5 4 7 7 8 Ray e t. al, date?
USNM 4547 7 9 Swindell, date?
USNM 4 5 4 7 8 0 Purdy e t. al, date?
USNM 454781 (1) Harmatuk, 1975
USNM 454781 (2) Harmatuk, 1975
USNM 4 5 4 7 8 2 Harmatuk, 1975
USNM 4 5 4 7 8 3  (1) Harmatuk, 1975
USNM 4 5 4 7 8 3  (2) Harmatuk, 1975
USNM 4 5 4 7 8 3  (3) Harmatuk, 1975
USNM 4 5 4 7 8 3  (4) Harmatuk, 1975
USNM 4 5 4 7 8 4 Harmatuk, 1975
USNM 4547 8 5 Harmatuk, 1975
USNM 4 5 4 7 8 6 Harmatuk, 1975
USNM 4548 2 8 Hyne & Hyne, date?
USNM 4549 1 3 Harmatuk, 1975
USNM 4 5 7 1 5 0 Harmatuk, 1975
USNM 457151 (1) Harmatuk, 1975
USNM 457151 (2) Harmatuk, 1975
USNM 4 5 7 1 5 2 Hyne & Hyne, date?
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USNM 4 5 7 2 0 0 (1 ) l-ll 9 11 28+ 32+ 0 0 1 23
USNM 4 5 7 2 0 0  (2) l-ll 9+ 7+ 26+ - - - - 23
USNM 4572 0 8 ll-lll 14 9 31 48+ 0 0 1 or 2 fused 23
USNM 4 5 7 2 0 9 ll-lll 12 8 19+ 51 + 0 0 2 fused 23
USNM 4 5 7 2 1 0 (1 ) 1 12 12 15+ 75+ 0 0 1 23
USNM 4 5 7 2 1 0 (2 ) l-ll 10 8 37 - 0 0 1 23
USNM 4 5 7 2 1 0 (3 ) ll-lll 13 7 16+ 31 + 0 0 2 fused 23
USNM 4 6 3 9 9 9 III 13 8 22 45+ 0 2? 2 fused 23
USNM 4987 4 3  (1) 1 17 16 56 151 0 0 1 25
USNM 4 9 8 7 4 3  (2) 1 17 17 52+ 110+ 0 0 1 25
USNM 4 9 8 7 4 3  (3) 1 15 15 46+ 89+ 0 0 1 25
USNM 4 9 8743  (4) II 17 14 32+ 113+ 0 0 1 25
USNM 4 9 8 7 4 3  (5) II 16 14 38+ 95+ 0 0 1 25
USNM 4 9 8 7 4 3  (6) II 17 14 40+ 95+ 0 0 1 25
USNM 4 9 8 7 4 3  (7) II 18 14 41 + 92+ 0 0 1 25
USNM 4 9 8 7 4 3  (8) II 17 13 29+ 91 + 0 0 1 25
USNM 4 9 8 7 4 3  (9) II 18 14 35 92 0 0 1 25
USNM 4 9 8 7 4 3  (10) II 17 13 41 + - 0 0 1 25
USNM 4 9 8 7 4 3  (11) II 15+ 11 + 16+ 57+ 0 0 1 25
USNM 4 9 8 7 4 3  (12) II 16+ 11 + 20+ 47+ 0 0 1 25
USNM 4 9 8 7 4 3  (13) II 18 14 37+ 69+ 0 0 1 25
USNM 4 9 8 7 4 3  (14) III 20 14 33+ 79+ 0 0 2 fused ? 25
USNM 4 9 8 7 4 3  (15) III 21 15 33 57+ 0 0 2 fused ? 25
USNM 4 9 8 7 4 3  (16) III 19 13 32+ 75+ 0 0 2 fused ? 25
USNM 4987 4 3  (17) III 20 15 35 68+ 0 0 2 fused ? 25
USNM 4 9 8 7 4 3  (18) III "LLB7" 26 16 32 50+ 0 0 2 fused 25
USNM 4 9 8 7 4 3  (19) III "LRB7" 27 16 36 48 0 0 2 fused 25
USNM 4 9 8 7 4 3  (20) III "URB7" 26 16 33+ 43+ 0 0 2 fused 25
USNM 4 9 8 7 4 3  (21) IV 25 15 25+ 52+ ? 4 2 25
USNM 4 9 8 7 4 3  (22) IV 29 16 33 69 0 3 2 25
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Measurements
Teeth
Catalog Number Collector Associated Material Notes
USNM 4 5 7 2 0 0 (1 ) Harmatuk, 1975
USNM 4 5 7 2 0 0  (2) Harmatuk, 1975
USNM 4 5 7 2 0 8 Grady, date?
USNM 4 5 7 2 0 9 Harmatuk, 1975
USNM 4 5 7 2 1 0 (1 ) Harmatuk, 1975
USNM 4 5 7 2 1 0 (2 ) Harmatuk, 1975
USNM 4 5 7 2 1 0 (3 ) Harmatuk, 1975
USNM 4 6 3 9 9 9 Hyne & Hyne, date?
USNM 4 9 8 7 4 3  (1) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (2) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (3) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (4) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (5) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (6) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (7) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (8) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (9) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (10) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (11) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (12) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (13) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (14) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (15) Bohaska e t al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (16) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (17) Bohaska e t al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (18) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (19) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (20) Bohaska e t al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (21) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (22) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
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M easurements
T eeth
Catalog Number Position
(Group#)
Crown
Length
Crown
Width
Crown
Height
Overall
Height
Anterior
denticles
Posterior
denticles
Roots Locality
Code
USNM 4 9 8 7 4 3  (23) IV 29 16 38 60+ 0 3 2 25
USNM 4 9 8 7 4 3  (24) IV 32 15 34 62+ 1-4 3 2 25
USNM 4987 4 3  (25) IV 33 15 34 87 1 3 2 25
USNM 4 9 8 7 4 3  (26) IV 31 16 37+ 57+ 1 4 2 25
USNM 4 9 8 7 4 3  (27) IV 31 15 34 61 + 1 3 2 25
USNM 4 9 8 7 4 3  (28) IV 34 16 39 79+ 0? 3 2 25
USNM 4 9 8 7 4 3  (29 ) IV 33 17 34 85 0 3 2 25
USNM 4 9 8743  (30) IV 34 17 34 79 0 3 2 25
USNM 4 9 8 7 4 3  (31) IV MLLB9" 31 16 37 50+ 0 3 - 25
USNM 4 9 8743  (32) IV "LLB10" 31 16 39+ 65+ 2-3 4 -- 25
USNM 4 9 8 7 4 3  (33) IV "LRB9" 30 16 31 + 40+ 1? 3 - 25
USNM 4 9 8 7 4 3  (34) IV "URB8" 30 16 37+ 47+ 0? 3 - 25
USNM 4 9 8 7 4 3  (35) IV "URB9" 31 16 36 53+ 0 3 - 25
Accn 3 9 9744 IV 24 13 16+ 49+ 0 1 2 fused top  1 /2 52
Accn 3 9 9 7 8 4 (1 ) 1 10+ 10+ 34+ - 0 0 1 52
Accn 3 9 9 7 8 4  (2) 1 14+ 16 12+ 78+ 0 0 1 52
Accn 4009 6 5 IV 22 15 19+ 47+ 0? 2? 2 52
Accn 4 0 0 9 6 8 1 16 15 50 - 0 0 1 52
CMM-V-207 II 15 10 19+ 52+ 0 0 2 fused ??
CMM-V-208 (1) 1 14 14 30+ 117+ 0 0 1 54
CMM-V-208 (2) 1 - - - 77+ - - 1 54
CMM-V-208 (3) 1 - - -- 56+ -- - 1 54
CMM-V-208 (4) III 14 12 23+ 88+ 0 0 2 fused 54
CMM-V-208 (5) III 16 12 23+ 79+ 0 0 2 fused 54
CMM-V-208 (6) III 16 13 21 + 74+ 0 1 2 fused 54
CMM-V-208 (7) III 17 11 + 23+ 71 + 0 1 2 fused 54
CMM-V-898 IV 20+ 11 19+ 29+ 2 4 2 fused 20
CMM-V-899 II 16 11 23+ 52+ 0 0 2 fused 20
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Teeth
Catalog Number Collector A ssociated Material N otes
USNM 4 9 8 7 4 3  (23) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (24) Bohaska e t al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (25) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (26) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (27) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (28) Bohaska e t al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (29) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (30) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4987 4 3  (31) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (32) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (33) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (34) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
USNM 4 9 8 7 4 3  (35) Bohaska e t  al., 1990 Sk, M, TB, LE, P, V
Accn 399744 Simonson, 1992
Accn 3997 8 4  (1) Simonson, 1992
Accn 3997 8 4  (2) Simonson, 1992
Accn 4 0 0965 Ricard, 1992
Accn 4 0 0 9 6 8 Ward, 1991
CMM-V-207 ???
CMM-V-208 (1) Bohaska, 1987 TB, Sk, LE, V
CMM-V-208 (2) Bohaska, 1987 TB, Sk, LE, V
CMM-V-208 (3) Bohaska, 1987 TB, Sk, LE, V
CMM-V-208 (4) Bohaska, 1987 TB, Sk, LE, V
CMM-V-208 (5) Bohaska, 1987 TB, Sk, LE, V
CMM-V-208 (6) Bohaska, 1987 TB, Sk, LE, V
CMM-V-208 (7) Bohaska, 1987 TB, Sk, LE, V
CMM-V-898 Kidd, 1993
CMM-V-899 Kidd, 1992
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Tympanic bullae
Catalog Number Side Length Width Locality
Code
Collector A ssociated Material N otes
AMNH 29022 L 50+ 33+ 2 Scarritt e t. al, 1933 T
AMNH 104649 R 48+ 34 1 Brzostosk, 1977
AMNH 104650 L 39+ 24 1 Brzostosk, 1977
USNM 22902 R 50+ 36 17 H otton e t  al., 1962 T, Sk, V, LE, St, R, TB
USNM 175382 L 50 34 29 Kaltenbach & Soger, 1970 V, R, S ,T
USNM 181643 R 75+ 50 47 Ward, 1969 S. robustus
USNM 181644 R 72+ 50 23 Crawford, da te? S. robustus
USNM181712 L 47+ 28+ 10 Case, 1972
USNM 183055 L 50 33 30 Jacobs e t  al., 1976 M,Sk, P, T
R 46+ 32 30 Jacobs e t  al., 1976 M,Sk, P, T
USNM187315 R 50+ 36+ 36 Myrick, 1969 T, P, Sk
USNM 321963 R 50 34 23 Harmatuk, 1975
USNM 4495 6 5 L 41 + 23+ 45 W estgate, 1976
USNM 4496 0 3 L 53 31 23 Hyne & Hyne, da te? SK, T
L 49+ 32 23 Hyne & Hyne, da te? SK, T
R 48+ 31 23 Hyne & Hyne, da te? SK, T
USNM 4987 4 3 R 54+ 36 25 Bohaska e t  al., 1990 Sk, M, T, LE, P, V
CMM-V-208 R 50 34 54 Bohaska, 1987 T, Sk, LE, V
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Vertebrae
Catalog Number Position Max
height
Canal max.
width-
posteriorly
Canal max.
height-
anteriorly
Canal max.
height-
posteriorly
Canal height 
posteriorly
Centrum
height-
posteriorly
Centrum
width-
posteriorly
Centrum length
w /(*w /o)
epiphyses
USNM 10484  (1) Ant. T 133+ 39 38 ??? 41 37 55 37*
USNM 1 0 4 8 4 (2 ) Post T. 136+ 24 31 ??? 31 45 57 51*
USNM 10484  (3) L 134+ 21 36 ??? 42 49 61 58*
USNM 10484  (4) L 134+ 25 38 ??? 38 53 68 60*
USNM 10484 (5) L - - -- - - - - -
USNM10844 Ind. ca.
USNM 2 2 9 0 2  (1) Atlas 105 53 51 46 46 - - -
USNM 2 2 9 0 2  (2) Ce 5 or 6 63+ 45+ -- - - 58 70 27
USNM 2 2 902  (3) T4? - - - - - - - 56
USNM 2 2 9 0 2  (4) T5 ? 120+ 43 32 41 41 52 71 62
USNM 2 2 9 0 2  (5) T 1 0 ? 80+ 26 ~ - - 61 78 80
USNM 2 2 9 0 2  (6) T11 ? 61 + 24 - — - 63 82 83
USNM 2 2 9 0 2  (7) T12 ? 86+ 24 - - - 67 80 89
USNM 2 2 9 0 2  (8) LI ? 83+ 32 - - - 70 83 91
USNM 229 0 2  (9) L2 ? 76+ 23 - — - 74 83 92
USNM 2 2 9 0 2  (10) Indet. - - - — - - - —
USNM 2 3 5 3 7  (1) Ce3 85 35 27 27 27 47 66 18*
USNM 2 3 5 3 7  (2) Ce6 85+ - - - - 50 63 18*
USNM 2 3 5 3 7  (3) Ce7 131 + 50 33 33 33 48 69 21*
USNM 2 3 5 3 7  (4) T1 114+ 51 36 37 37 44 73 25*
USNM 2 3 5 3 7  (5) T2 111 + 45 36 37 37 43 62 32*
USNM 2 3 5 3 7  (6) T3 135+ 46 33 35 35 42 68 33*
USNM 2 3 537  (7) T4 - - - ~ - 40 - 39*
USNM 2 3 537  (8) T5 138+ 42 36 38 38 42 66 36*
USNM 2 3 537  (9) T6 139+ 39 30 37 37 46 69 42*
USNM 2 3 537  (10) L" 1" 169+ 22 34 32 32 60 72 57*
USNM 2 3 5 3 7  (11) L"2" 87+ 23 -- - - 63 74 62*
USNM 175382  (1) Atlas 91 55 46 55 55 _ - -
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Vertebrae
Catalog Number Width b /w  
tips o f para- 
pophyses
Width b /w  tips 
of prezygo- 
pophysis
Height of
neural
spine
Width b /w  
tips of 
diapophyses
Length-left post- 
zygopophysis to  left 
prezygopophysis
Length-right post- 
zygopophysis to  right 
prezygopophysis
Length-
neuro-
pophyses
USNM 10484 (1) - - 57+ 104+ ??? - 38
USNM 10484  (2) 79+ 32 60+ - ??? 78 34
USNM 10484 (3) 184 - 49+ ~ ??? - 36
USNM 10484  (4) 178 - 47+ - ??? - 42
USNM 10484  (5) - - - - -- - -
USNM 10844
USNM 2 2 902  (1) 98+- - 29 91 + -- - -
USNM 22902  (2) 93+ - - 66+ -- - -
USNM 22902  (3) - - - - - - -
USNM 2 2 902  (4) - - 45+ 81 + - - 22+
USNM 22902  (5) 160+ - - - - - -
USNM 2 2 902  (6) 134+ - - ~ - - -
USNM 2 2 902  (7) 148+ - - - - - -
USNM 2 2 902  (8) 144+ - - - - - -
USNM 2 2 902  (9) 117+ - - - - - -
USNM 2 2 902  (10) - - 160+ - - - -
USNM 23537  (1) 122+ 58 9+ 83+ 25 25 -
USNM 23537  (2) 124 - - - - - -
USNM 2 3 537  (3) -- 81 52+ 104+ 44 44 40
USNM 23537  (4) - 89 36+ 143 51 55 28+
USNM 235 3 7  (5) -- 84 37+ 126 58 - 24+
USNM 235 3 7  (6) - 73 58+ 125 65 60 51
USNM 235 3 7  (7) - - - - - - -
USNM 23537  (8) - - 55+ 101 + - 70 50
USNM 23537  (9) -- 47 57+ 102 65 68 47+
USNM 23537  (10) 155+ - 79+ -- - ~ -
USNM 23537  (11) 215+ - - - - - -
USNM 175382  (1) 101 - 27 88 - - -
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Vertebrae
Catalog Number Length- 
neural spine 
a t base
Locality
code
Collector Associated material Notes
USNM 1 0 4 8 4 (1 ) 45 11 Boss, 1921 Sk, M, T, LE, R, P Type S. calvertensis
USNM 1 0 4 8 4 (2 ) 57 11 Boss, 1921 Sk, M, T, LE, R, P Type S. calvertensis
USNM 10484  (3) 52 11 Boss, 1921 Sk, M, T, LE, R, P Type S. calvertensis
USNM 10484 (4) 57 11 Boss, 1921 Sk, M, T, LE, R, P Type S. calvertensis
USNM 1 0 4 8 4 (5 ) - 11 Boss, 1921 Sk, M, T, LE, R, P Type S. calvertensis
USNM 10844 Cast type  Cetophis. Ind.
USNM 2 2 902  (1) 39 17 Hotton e t  al., 1962 T, Sk, M, LE, St, R, TB
USNM 2 2 902  (2) - 17 Hotton e t  al., 1962 T, Sk, M, LE, St, R, TB
USNM 2 2 9 0 2 (3 ) - 17 Hotton e t  al., 1962 T, Sk, M, LE, St, R, TB
USNM 2 2 9 0 2  (4) 50+ 17 Hotton e t  al., 1962 T, Sk, M, LE, St, R, TB
USNM 2 2 9 0 2 (5 ) - 17 Hotton e t  al., 1962 T, Sk, M, LE, St, R, TB
USNM 22902  (6) - 17 Hotton e t  al., 1962 T, Sk, M, LE, St, R, TB
USNM 22902  (7) - 17 H otton e t  al., 1962 T, Sk, M, LE, St, R, TB
USNM 22902  (8) - 17 Hotton e t  al., 1962 T, Sk, M, LE, St, R, TB
USNM 22902  (9) - 17 Hotton e t  al., 1962 T, Sk, M, LE, St, R, TB
USNM 22902  (10 ) - 17 Hotton e t  al., 1962 T, Sk, M, LE, St, R, TB
USNM 2 3 537  (1) 23 19 Mongelli & Anthony, 1965 Sk, M, T, R, P
USNM 2 3 537  (2) - 19 Mongelli & Anthony, 1965 Sk, M, T, R, P
USNM 2 3 5 3 7 (3 ) 28 19 Mongelli & Anthony, 1965 Sk, M, T, R, P
USNM 2 3 537  (4) 30 19 Mongelli & Anthony, 1965 Sk, M, T, R, P
USNM 2 3 537  (5) 31 19 Mongelli & Anthony, 1965 Sk, M, T, R, P
USNM 2 3 537  (6) 40 19 Mongelli & Anthony, 1965 Sk, M, T, R, P
USNM 2 3 537  (7) - 19 Mongelli & Anthony, 1965 Sk, M, T, R, P
USNM 2 3 537  (8) 52 19 Mongelli & Anthony, 1965 Sk, M, T, R, P
USNM 2 3 537  (9) 55 19 Mongelli & Anthony, 1965 Sk, M, T, R, P
USNM 2 3 537  (10) 53 19 Mongelli & Anthony, 1965 Sk, M, T, R, P
USNM 2 3 537  (11) - 19 Mongelli & Anthony, 1965 Sk, M, T, R, P
USNM 175382  (1) 34 29 Kaltenbach & Soger, 1970 T, R, S, TB
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Vertebrae
Catalog Number Position Max
height
Canal max.
width-
posteriorly
Canal max.
height-
anteriorly
Canal max.
height-
posterioriy
Canal height 
posteriorly
Centrum
height-
posteriorly
Centrum
width-
posterioriy
Centrum length
w /(*w /o)
epiphyses
USNM 175382  (2) Ce7 141 48 29 30 30 47 62 31
USNM 175382  (3) T7 ? 137+ 32 34 32 32 49 57 57
USNM 183023 (1) Atlas 149 72 80 74 72 - — -
USNM 183023 (2) Axis 179 64 52 40 40 72 119 45
USNM 183023  (3) Ce3 88+ - - - ~ 68 92 34
USNM 183023  (4) Ce4 87+ - - - - 73 92 40
USNM 183023  (5) T1 - - 51 + - - - - — -
USNM 183023  (6) T2 102+ 56 35+ 31 + 29+ 56 110 62*
USNM 183023  (7) T3 - 54 39+ 38+ 38+ - — -
USNM 183023  (8) T4 112+ 52+ 40+ 37+ 37+ 63 99 72
USNM 183023 (9) T5 151 + 46+ 22+ 24+ 24+ 65 102 74*
USNM 183023  (10) T6 179+ 45 52 50 50 67 100+ 79
USNM 183023 (11) T7 - 40+ 24+ 25+ - - — -
USNM1 8 3 0 2 3 (1 2 ) T8 89+ - - - - 68 89+ 78*
USNM 183023 (13) T9 or 10 92+ 44 - - - 75 98 94
USNM 183023  (14) T 10 or 11 99+ 43 25+ 20+ 19+ 79 99 101
USNM 183023 (15) T 1 1 or 12 98+ 42 19+ 18+ 18+ 83 101 104
USNM 183023 (16) L" 1" 101 + 41 20+ 16+ 16+ 85 102 109
USNM 183023 (17) L"2" 102+ 38 18+ 19+ 21 + 86 103 109
USNM 183023  (18) L"3" 308+ 35 59 44 44 90 106 113
USNM 183023 (19) L"4" 112+ 33 10+ 11 + 11 + 95 109 116
USNM 183023 (20) L"5" 314+ 32 56 43 43 94 109 115
USNM 183023  (21) L"6" 309+ 26 45 43 43 103 110 112
USNM 183023  (22) Ca"1" 113+ 23 - 19+ 19+ 103 109 114
USNM 183023 (23) Ca"2" 138+ 20 22+ 17+ 17+ 103 112 108
USNM 183023  (24) Ca"3" - ~ - - - — — -
USNM 183023  (25) Ca"4" 155 19 12 11 11 104 105 104
USNM 183023  (26) Ca"5" 133 18 14 11 11 100 95 99
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Vertebrae
Catalog Number Width b/w  
tips of para- 
pophyses
Width b /w  tips 
of prezygo­
pophysis
Height of
neural
spine
Width b /w  
tips of 
diapophyses
Length-left post- 
zygopophysis to  left 
prezygopophysis
Length-right post- 
zygopophysis to  right 
prezygopophysis
Length-
neuro-
pophyses
USNM 175382  (2) - - 67 - 52 — 32
USNM 175382  (3) - 37 55+ 90 74 68 41 +
USNM 183023  (1) 152 - 39 163 -- - -
USNM 183023 (2) 212 - 58 140 - - -
USNM 183023 (3) 127+ - - 111 + - - --
USNM 183023 (4) 116+ - - 109+ - — -
USNM 183023  (5) - - 41 + 82+ - - -
USNM 183023 (6) - 115 -- 183+ - - -
USNM 183023  (7) - - 74+ 139+ 93 - 32+
USNM 183023 (8) -- - - 124+ - - -
USNM 183023 (9) - - 62+ 83+ - - 34+
USNM 183023 (10) - 76+ 62+ 115+ 114 89+ 50+
USNM 183023 (11) - 46+ 32+ 96+ 118 - -
USNM 183023 (12) - - - 125+ - - -
USNM 183023 (13) 155+ - - - - - -
USNM 183023 (14) 141 + - - - - - -
USNM 183023  (15) 192+ - - - - - -
USNM 183023  (16) 142+ - - - - - -
USNM 183023  (17) 311 + -- - - - - -
USNM 183023  (18) 268+ - 158+ - - — 24
USNM 183023  (19) 349+ - - - - - -
USNM 183023  (20) 359+ - 161 + - - - -
USNM 183023 (21) 339+ - 164+ - - - -
USNM 183023  (22) 264+ - - - - — -
USNM 183023 (23) 249+ - - ~ - — -
USNM 183023  (24) - - - - - - -
USNM 183023 (25) 154 - 13 - - - -
USNM 183023 (26) 114 - 14 - - - -
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V ertebrae
Catalog Number Length- 
neural spine 
a t  base
Locality
code
Collector Associated material Notes
USNM 175382  (2) 35 29 Kaltenbach & Soger, 1970 T, R, S, TB
USNM 175382  (3) 58 29 Kaltenbach & Soger, 1970 T, R, S, TB
USNM 183023  (1) 55 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023  (2) 80 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023 (3) - 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023  (4) - 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023 (5) 61 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023  (6) - 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023 (7) 80 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023  (8) - 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023  (9) 75 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023  (10) 95 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023  (11) 97 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023  (12) - 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023 (13) - 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023  (14) - 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023 (15) -- 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023 (16) -- 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023 (17) - 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023  (18) 94 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023 (19) - 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023 (20) 93 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023 (21) 71 + 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023 (22) - 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023 (23) - 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023  (24) - 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023 (25) 35 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
USNM 183023 (26) 38 32 Kunlo, 1975 Sk, M, St, T, R Type, S. whitmorei
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Measurements
Vertebrae
Catalog Number Position Max
height
Canal max.
width-
posterioriy
Canal max.
height-
anteriorly
Canal max.
height-
posteriorly
Canal height 
posteriorly
Centrum
height-
posteriorly
Centrum
width-
posteriorly
Centrum length
w /(*w /o)
epiphyses
USNM 183023 (27) Ca"6" 101 6 5 5 5 75 82 84
USNM 21 4 5 9 4 L 80+ 33+ -- - - 73 91 57*
USNM31 0 6 2 2 Ind. ca.
USNM 310623 Ind. ca.
USNM 31 0 6 2 4 Ind. ca.
USNM 328343  (1) Axis 102+ 38 28 27 27 45 58 31
USNM 32 8 3 4 3  (2) Ce3 84+ 36 25 23 23 50 62 23
USNM 32 8 3 4 3  (3) Ce4 103+ 42 34 35 35 48 59 24
USNM 328343  (4) T 6? 145+ 30 31 35 35 46 66 53*
USNM 4 4 9 5 6 3  (1) L’T 84+ 18 - - - 66 63 104
USNM 4 4 9 5 6 3  (2) L"2" 75+ 17 -- - - 72 68 103
USNM 4 4 9 5 6 3  (3) L"3" 85+ 13 - - - 81 75 101
USNM 4 4 9 5 6 3  (4) Cal 132+ 12 19 30 30 77 78 101
USNM 4 4 9 5 7 0 L 3? 171 + 25 27 25 25 80 77 96
USNM 4 4 9 5 7 4 T 130+ 35 28 31 31 65 81 59
USNM 44 9 5 7 5 L 120+ 17 21 21 21 81 72 59
USNM 45 3 0 0 2 Ind. ca.
USNM 453003 Ind. ca.
USNM 4 5 3 0 0 4 Ind. ca.
USNM 45 4 7 7 3 Ind. ca.
USNM 4 5 4 7 7 4 Ind. ca.
USNM 4 9 8 7 4 3  (1) Ce1 113 43 55 58 58 - - -
USNM 498 7 4 3  (2) Ce3 92+ 45 28 28 28 60 70 25
USNM 4 9 8 7 4 3  (3) Ce5 (Ce6?) 99+ 56 26 26 26 59 69 27
USNM 4 9 8 7 4 3  (4) Ce7 119+ 61 4 0 39 39 56 74 33
CMM-V-208 (1) Ce2 67+ - - - - 58 91 35
CMM-V-208 (2) Ce3 84+ - - - - 68 80 27
CMM-V-208 (3) Ce4 78+ - - - - 61 + 72+ 25
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Measurements
Vertebrae
Catalog Number Width b/w  
tips of para- 
pophyses
Width b /w  tips 
of prezygo­
pophysis
Height of
neural
spine
Width b /w  
tips of 
diapophyses
Length-left post- 
zygopophysis to  left 
prezygopophysis
Length-right post- 
zygopophysis to  right 
prezygopophysis
Length-
neuro-
pophyses
USNM 183023 (27) 102 - - - - - -
USNM 214594 135+ - - - - — -
USNM 310622
USNM 310623
USNM 3106 2 4
USNM 328343  (1) 150 - 27+ 86 - — -
USNM 3283 4 3  (2) 94+ 67 11- - 26 27 —
USNM 328343  (3) 152+ 76 8+ - 38 - -
USNM 328343  (4) - - 77+ 86+ 68 - 40
USNM 4 4 9 5 6 3  (1) 81 + - - - - - -
USNM 4 4 9 5 6 3  (2) 157+ - -- ~ - ~ —
USNM 4 4 9 5 6 3  (3) 115+ - - - - — —
USNM 4 4 9 5 6 3  (4) 106+ - 41 + - - - -
USNM 4 4 9 5 7 0 187+ - 79+ - - — -
USNM 4 4 9 5 7 4 - - 47+ 153+ - - -
USNM 4495 7 5 164+ - 32+ - - - -
USNM 4 5 3 0 0 2
USNM 4 5 3003
USNM 4 5 3 0 0 4
USNM 4 5 4773
USNM 4 5 4 7 7 4
USNM 4 9 8 7 4 3  (1) 115 - 26 109 - - -
USNM 4 9 8 7 4 3  (2) 134 67 - 130 24 25 -
USNM 4 9 8 7 4 3  (3) 144 - - 92+ - 37 -
USNM 4 9 8 7 4 3  (4) - 104 27+ 157 50 51 -
CMM-V-208 (1) 139+ - - 93 - — —
CMM-V-208 (2) 100+ - - - 92+ — - —
CMM-V-208 (3) 146+ - - 86+ - - -
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Measurements
V ertebrae
Catalog Number Position Max
height
Canal max.
width-
posteriorly
Canal max.
height-
anteriorly
Canal max.
height-
posteriorly
Canal height 
posteriorly
Centrum
height-
posteriorly
Centrum
width-
posteriorly
Centrum length
w /(*w /o)
epiphyses
CMM-V-208 (4) Ce5 87+ - - - - 65 70 28
CMM-V-208 (5) Ce6 90+ - - - - 69 61 32
CMM-V-208 (6) Ce7 81 + 53 - - - 58 68 40
CMM-V-208 (7) T1 85+ 50 - - - 55 75 47
CMM-V-208 (8) T2 82+ 46 - - - 53 75 56
CMM-V-208 (9) T3 65+ 44 - - - 54 74 53
CMM-V-208 (10) T4 108+ 45 - - - 56 78 57
CMM-V-208 (11) T5 120+ 43 43 47 47 55 83 61
CMM-V-208 (12) T6 238 37 42 43 43 60 70 68
CMM-V-208 (13) T 1 1 (T12) 247 32 33 35 35 67 87 91
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Measurements
Vertebrae
Catalog Number Width b/w  
tips of para- 
pophyses
Width b /w  tips 
of prezygo­
pophysis
Height of
neural
spine
Width b/w  
tips of 
diapophyses
Length-left post- 
zygopophysis to  left 
prezygopophysis
Length-right post- 
zygopophysis to  right 
prezygopophysis
Length-
neuro-
pophyses
CMM-V-208 (4) 132+ - - 73+ - - -
CMM-V-208 (5) 147+ - - 84+ - - -
CMM-V-208 (6) 70 - - 2 3 0 - — -
CMM-V-208 (7) - 93 - 162 - - —
CMM-V-208 (8) - - - 96+ - - -
CMM-V-208 (9) - - - 87+ - — —
CMM-V-208 (10) - - - 111 + 76 — -
CMM-V-208 (11) - 68 23+ 142 87 71 + -
CMM-V-208 (12) - - - 141 130 - — 70+
CMM-V-208 (13) 235+ 43 166 - 106 108 27
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Measurements
Vertebrae
Catalog Number Length- 
neural spine 
a t base
Locality
code
Collector Associated material N otes
CMM-V-208 (4) - 54 Bohaska, 1987 T, Sk, LE, T
CMM-V-208 (5) - 54 Bohaska, 1987 T, Sk, LE, T
CMM-V-208 (6) - 54 Bohaska, 1987 T, Sk, LE, T
CMM-V-208 (7) - 54 Bohaska, 1987 T, Sk, LE, T
CMM-V-208 (8) - 54 Bohaska, 1987 T, Sk, LE, T
CMM-V-208 (9) -- 54 Bohaska, 1987 T, Sk, LE, T
CMM-V-208 (10) - 54 Bohaska, 1987 T, Sk, LE, T
CMM-V-208 (11) 64 54 Bohaska, 1987 T, Sk, LE, T
CMM-V-208 (12) 67 54 Bohaska, 1987 T, Sk, LE, T
CMM-V-208 (13) 75 54 Bohaska, 1987 T, Sk, LE, T
APPENDIX B 
LOCALITY CODES
Specimens examined in this study were collected from the localities listed below.
The locations are as described on museum records and specimen cards. Many of the
locality numbers probably represent the same outcrop; this is noted in each entry. A few
of the localities (for example, No.2) were eventually determined not to include any known
squalodonts.
1 New Shrewsbury, New Jersey. Gravel at base of Kirkwood Km, Shark R. west 
of Garden St. Pkwy, = Zone 3 A ?
2 Near Gaiman, Chubut Prov., Argentina.
3 Pamunkey R., Virginia. Calvert Fm, Zone 12? (Cope 1895).
4  Ashley River, South Carolina. Holmes Collection. Cooper Fm ?
5 Charleston, South Carolina. Wando River (dredge). Cooper Fm ?
6 Shiloh, Cumberland Co., New Jersey. Type Kirkwood Fm, = Zone 3A?
7 Charles Co., Maryland. Calvert Fm?
8 Burlington Co., New Jersey. Kirkwood Fm?, =Zone 3A?
9 Camp Roosevelt, Maryland. Possibly=l 1,12,13,16,19, 20. Calvert Fm.
10 New Jersey. Probably = Locality l.New Shrewsbury Turnpike, 800 ft W of
Garden State Pkwy, 700 ft NW of mouth of Reevy Branch, Coarse sand at base 
of Kirkwood Fm (= Zone 3A?).
11 Calvert Co., Maryland. Possibly = 9, 12, 13 ,16, 19, 20.Near lat 38° 40' long
76° 32', west shore Chesapeake Bay, about 2 mi. S Chesapeake Beach, 5 ft
above beach level, Patuxent Quad. Calvert Fm, Zone 6?
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12 Calvert Co., Maryland. Possibly = 9, 11, 13, 16, 19, 20. Near lat 38° 40' long
76° 32', west shore Chesapeake Bay, about 1 mi. S Chesapeake Beach, Patuxent
Quad. Calvert Fm, Zone 10?
13 Calvert Co., Maryland. Possibly = 9, 11, 12, 16, 19, 20. Near lat 38° 40' long
76° 32', west shore Chesapeake Bay, Chesapeake Beach, Patuxent Quad. Calvert 
Fm, Zone 9?
14 Calvert Co., Maryland. West shore Chesapeake Bay, Chesapeake Beach,
Patuxent Quad. Calvert Fm, Zone ?
15 Charles Co., Maryland. Pope's Creek, 7.5' quad., 0.2 mi SSW BM107 M1077, 
9 m above the Eocene-Miocene contact, Calvert Fm, Fairhaven Mbr, Zone 3A?
16 Calvert Co., Maryland. Possibly = 13 or 20?, near 11, 12 13, 19, 20. West shore 
Chesapeake Bay, Chesapeake Beach, at beginning of cliff S boy scout camp, 10 ft 
below Zone 10 in greenish sandy clay with Corbula elevata, Patuxent Quad. 
Calvert Fm, Zone 9?
17 Anne Arundel Co., Maryland. Chalk Point Power Plant, Calvert Fm, Fairhaven 
Mbr?, Zone 3A?
18 King George Co., Virginia. Cleveland Grigsby's Bristol Farms, Rappahannock 
River, Rolling Fork, Calvert Fm, Fairhaven Mbr?, Zone 3A?
19 Calvert Co., Maryland. Near localities 11, 12, 13, 19,20. Calvert Cliffs E of 
Willows, 0.3 mi S Camp Roosevelt, 38° 38' 5" N 76° 31' 13" W Calvert Fm, 
Zone 6.
20 Calvert Co., Maryland. Same as 16 or 19? Near 11, 12, 13. Calvert Cliffs 1500 ft 
S wharf at Camp Roosevelt, 4  ft above water in Corbula shell band, Calvert 
Formation, Zone 6.
21 King William Co., Virginia. Old Church, James River, 2" thick pebble bed ~ 4 ft 
below top of cliff, Old Church Fm, or Calvert Fm, Zone 3A.
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22 Hanover Co., Virginia. Hanover Court House, thin gravel over Eocene, Calvert 
Fm?, Zone ?
23 Beaufort Co., North Carolina. Lee Creek Mine 35° 23' N 76° 47' W, south side 
of Pamlico River, near Aurora, Pungo River Fm (=Zone 3A?).
24 Calvert Co., Maryland. Near (just S) Loc. 33, possibly = 41. Randle Cliff, 1.3 
km below Chesapeake Beach, 0.7 km N Randle Cliff Beach, west shore 
Chesapeake Bay, North Beach 7.5' quad., USGS 26567, Calvert Fm, Zone ? See 
Ward 1992.
25 Westmoreland Co., Virginia. George Washington's Birthplace Nat'l Monument, 
cliffs west of Wakefield Beach, Potomac River, Calvert Fm, Zone 14.
26 Calvert Co., Maryland. Near Loc. 30. Kaufman Camp, 375 yds. N pilings, 
Calvert Fm, Zone 10.
27 Charles Co., Maryland. 200 yds E Pope's Creek, 10' above Eocene contact, 
Calvert Fm, Fairhaven Mbr, Zone 3A. Near Loc. 15.
28 Calvert Co., Maryland. See 9, 11-13, 16, 19, 20. S Chesapeake Beach, in 
"oyster layer", Calvert Fm, Zone 4?
29 Fairhaven, Maryland, 350 ft S N. end of 3rd cliff downstream on Young's 
property, 6.5 ft above base, just above contact of Zones 2 & 3? Calvert Fm, 
Fairhaven Mbr?, Zone 3A?
30 Calvert Co., Maryland. Near Loc. 26. Kaufman Camp, on Plum Point Road, 300 
yds N camp, @ base of cliff, Calvert Fm, Zone 9 or 10?
31 Prince George's Co., Maryland. Pleasant Springs, 5 ft below top of Calvert Fm 
as exposed in valley of tributary of Birch Branch, 1/2 mi N Maryland 373, 1/4 mi 
W W. side of Duckett Road Loop, Piscataway 7.5' quad. Calvert Fm, Zone ?
32 King George Co., Virginia. North end of Mason Millpond, at the head of 
Machodoc Creek, 60 ft above sea level, 1.6 mi N Edgehill, King George 7.5' 
quad. Calvert Fm, Fairhaven Mbr, Zone 3A.
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33 Calvert Co., Maryland. Near (just S) Loc. 24., near 41. 0 .25  mi. S Randle Cliff 
Beach, Calvert Fm.
34 Calvert Co., Maryland. Near locality 40. 1.5 mi S of Plum Point, Calvert Fm, 
Zone 10?
35 Clarks Co, Maryland. The Old Walls Place, near the Patuxent River, Calvert Fm, 
Zone 10.
36 Westmoreland Co., Virginia. Morris property, W of Morris Cliff Srs, Wakefield, 
Calvert Fm, Zone 12 or 14 ?
37 Calvert Co., Maryland. On beach near Governor's Run, Calvert Fm?
38 City of Richmond, Virginia. 3rd and Canal St., 20 ft below top of Calvert Fm.
39 Dorchester Co, South Carolina Hart's Bluff, 4 mi SE SC 163, 34-35' down core, 
Cooper Fm.
40 Calvert Co, Maryland. Near locality 34. 0.75 mi S Plum Point, 70 yds N 
Anderson's Wharf, Calvert Fm, Zone 13?
41 Calvert Co. Maryland. Possibly = 24. Randall Cliff.
42 Yakataga, AK. Miocene.
43 Calvert Co. Maryland. Calvert Cliffs, Calvert Fm.
44 Calvert Co. Maryland.Plum Point on beach. See locality 34, 40.
45 Charles Co., Maryland. Pope's Creek, 90 paces downstream of pipe, 10' above 
Eocene contact, Calvert Fm, Fairhaven Mbr, Zone 3A. Near Loc. 15 and 27.
46 Calvert Co., Maryland. Near localities 26 and 30, 1/2 mile S Kaufman Camp, 
Calvert Fm, Zone 12?.
47 King William Co. Virginia. Mill Pond Creek (Gravitt’s Millpond), Calvert Fm, 
Zone 12 or 14.
48 King William Co., Virginia. 0.3 mi. from Grimes Landing, left bank, Pamunkey 
River, Calvert Fm, Zonel2-13.
49 Washington, DC. Good Hope Hill.
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50 Conecuh Co., Alabama. Near Conecuh Co. line, on Sepulga River (near 
confluence of Conecuh and Sepulga?), Glendon Fm, Oligocene?
51 King George Co., Virginia. Ann Florence property, Dahlgren quadrangle, 38°
17’ 35” N 77° 2 ’ W, halfway between Machodoc Creek and Rosier Creek, 18” 
above base of cliff. Calvert Fm, Fairhaven Mbr?, Zone 3A?
52 Kent Co., Delaware. Barrow Pit, on E side of US 13, 5.2 mi S Smyrna, 0.7 mi S 
of Lake Garrison, Calvert Fm, Zone 3A?
53 Charles Co., Maryland. Pope’s Creek, Same as Localities 15, 27,45? Calvert 
Fm, Faihaven Mbr?, Zone 3A?
54 Charles Co, Maryland. Calvert Fm. Popes Creek?
55 Charles Co, Maryland. Popes Creek, Calvert Fm, Zone 3A
56 Charles Co., Maryland. Popes Creek, upriver, 1.1m above base of Fairhaven 
Mbr. Calvert Fm, Fairhaven Mbr, Zone 3A.
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